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POLAROGRAPHIC DETERMINATION OF LEAD IN BLOOD 


ANNA-LISA NYLANDER, M.S. (Stockholm) 
AND 
CARL-ERIC HOLMQUIST, Chem. Eng. (Stockholm) M.S. (Harvard) 
TOMTEBODA, SWEDEN 


N LEAD poisoning and exposure to lead, the stippled cell count, the basophilic 

aggregation test, the urinary coproporphyrin values, and the urinary lead and 
blood lead values are employed as important diagnostic aids. The urinary lead and 
blood lead values are of primary interest, as these determinations are specific for 
the absorbed metal. The stippled cell count, the basophilic aggregation test, and 
the urinary coproporphyrin values, on the other hand, are expressions for pathologi- 
cal reactions in the organism which may be caused also by other morbid states. 
Several writers have stressed especially the usefulness of the blood lead values.* 

The polarographic technique is, because of its specificity and sensitiveness, well 
suited to the determination of the small quantities of metal ions in biological material. 
Several polarographic methods for the determination of lead in biological material 
have been described in the literature. 

Teisinger * was the first to determine lead in blood polarographically. Without 
first ashing the blood, he determined, on the one hand, the total lead content in the 
blood and, on the other, the separate lead contents in the plasma and in the blood 
corpuscles. The sum of the last-mentioned contents did not, however, agree with 
the total lead content, a circumstance for which Teisinger offers no explanation. 

The method of Skramovsky and Srbova,® which is a modification of Teisinger’s, 
consists in the precipitation of, inter alia, the protein constituents of the blood with 
hydrochloric acid, after which the filtrate is analyzed. Since, however, the lead is 
in part bound to the red blood corpuscles," the whole sample must first be ashed 
before the total lead content can be determined. 

Forche* used wet ashing with, among other things, sulfuric acid. For this he 
required an inconveniently large amount of blood (50 ml.). The polarographic 


determination is performed in alkaline tartrate solution, and, owing to the presence 


of iron in the samples, it gives curves measurable with difficulty. 

The method of Cholak and Bambach * is for blood, relatively complicated, since 
after dry ashing of the sample it implies the separation of the lead content with 
dithizone extraction and concentration with electrolysis before the polarography. 


From the Department of Industrial Hygiene National Institute of Public Health, Chief: 
Professor Axel Ahlmark. 


* References 1 to 3. 
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Weber * and Heusghem, Ponsart, and Lenaers,'’ on the other hand, have used 
only dithizone extraction after ashing the sample. This principle has been applied 
in the present method. These writers, however, do not indicate the, amount of the 
sample or the accuracy of the method. 

The aim of this paper is to describe a relatively rapid polarographic method for 
the determination of lead in small amounts of blood. Like the colorimetric dithizone 
method, it is well adapted to use in routine controls of workers exposed to lead. 
The experimental results have been statistically analyzed. 


REAGENTS 

(a) Stock Lead Solution, 100 y of Pb per Milliliter: Finely granulated lead 
is carefully washed with acetic acid (1:1) and then with water and is dried finally 
with acetone. When the lead is dry, 0.1000 gm. is dissolved in 5 ml. of nitric acid 
(1:1) with gentle heating, after which the solution is diluted with water to 1,000 ml. 
Lead solutions containing 1 and 3 y of Pb per milliliter are prepared by diluting the 
stronger solution. All lead solutions are kept in glass-stoppered Pyrex flasks. 

(b) Water: Distilled in an all-glass apparatus of lead-free glass. 

(c) Hydrogen Peroxide: Concentrated, analytical reagent, 30 weight per cent. 

(d) Nitric Acid: Concentrated, lead-free, analytical reagent, sp. gr. 1.40. 

(e) Ammonium Hydroxide: Concentrated, C. P., 25%. 

(f) Citrate Solution: 200 gm. of citric acid (1 HO), C. P., is dissolved in 200 
mil. of water, and concentrated ammonia is added to give a weak alkaline reaction 
to phenolsulfonphthalein (phenol red). The citrate solution is shaken with portions 
of dithizone solution until the extract no longer becomes red. The citrate solution 
is then diluted to 1,000 ml. 

(g) Potassium Cyanide: 50 gm. of potassium cyanide, analytical reagent, is 
dissolved in water and extracted with dithizone solution until a portion of the latter 
retains its original color. The water phase is then diluted to 500 ml. 

(h) Citrate-Cyanide Mixture: 100 ml. of citrate solution, 200 ml. of potassium 
cyanide solution, and 20 ml. of concentrated ammonia are mixed and the solution 
diluted to 1,000 ml. 

(1) Carbon Tetrachloride: Albright and Wilson, specially prepared for medical 
analysis, pure. 

(k) Dithizone: Diphenylthiocarbazone, from Eastman Kodak Company. 

(1) Dithizone, Concentrated Solution: 2 to 3 mg. of dithizone is dissolved in 
50 ml. of carbon tetrachloride. This solution is freshly prepared every day. 

(m) Dithizone, Reagent Solution: One part of the concentrated solution is 
diluted with one part of carbon tetrachloride immediately before use. 


(n) Hydrochloric Acid, 1 N: 86 ml. of concentrated hydrochloric acid, sp. gr. 
1.19, analytical reagent, diluted with water to 1,000 ml. 


(0) Antibump: Silicon carbide, Norton Crystolon. 

(Pp) Oxygen Absorbent for Purification of Nitrogen: 250 gm. of KOH and 
50 gm. of pyrogallol are dissolved in water and diluted to 1,000 ml. 

(q) Mercury: Used mercury is purified by distilling three times. 

(r) Heparin: Sterile solution, 5%, Vitrum, Stockholm. 
184 
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POLAROGRAPHIC) DETERMINATION OF LEAD BLOOD 


PROCEDURE 

In determining blood lead, accuracy at least down to values of 20 y Pb per 100 
ml. of blood is essential. “The method should be so sensitive that for the control of 
lead-exposed workers only a small amount of blood need be taken. Accordingly, 
in the present method only 5 ml. of blood is used. This also implies a relatively small 
consumption of chemicals. Various ashing agents have been tried, the aim here 
being to use those with a rapid effect and giving small amounts of salts. A wet 
ashing method with concentrated nitric acid and concentrated hydrogen peroxide + 
has been found to be effective and relatively quick. 

The ashing has been carried out in micro-Kjeldahl flasks of Vycor glass. Lead- 
free silicon carbide ( Norton Crystolon) has been used as antibump. 

Attempts to perform direct polarographic determinations on a solution of the 
ashed sample did not give reproducible results, owing to interference due to other 
substances present. A necessary separation of the lead from these substances was 
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Fig. 1.—Polarograms obtained from a test solution containing 4.5 7 of Pb per 5 ml. of 1 N 
HCl: (a) before heating and (/) after heating for five minutes at 90 C. 


employed by extraction with a dithizone-carbon tetrachloride solution after the 
addition of citrate solution and citrate-cyanide mixture, 

The lead complex in the dithizone phase was destroyed by shaking with 1 N 
hydrochloric acid, which acid and concentration have been considered most suitable 
for this purpose by Heusghem and associates.’ In polarographing these hydro- 
chloric-acid solutions, we sometimes obtained for one and the same solution polaro- 
grams with very varying appearances, in spite of careful mechanical separation of 
any residual carbon tetrachloride drops in the test solution, 

In order to avoid this disturbance, which was suspected to be caused by carbon 
tetrachloride dissolved in the acid phase, the test solution was heated in a water- 
bath at 90 C. for five minutes before the polarography. Practically all the carbon 
tetrachloride was then assumed to have evaporated. This was confirmed by the 
fact that the polarograms obtained after the heating were better defined and were 
not changed on repeated polarography (lig. 1). 


+ References 10 and 11. 
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METHOD 


To a 30 ml. micro-Kjeldahl flask containing some grains of silicon carbide (0) 
is added 5 ml. of blood. The flask is placed on a sand-bath, and a total of 15 ml. of 
concentrated nitric acid (d) is added in 5 ml. pertions, each of which is evaporated 
almost to dryness. After the last evaporation a total of 15 ml. of hydrogen peroxide 
(c) is added in 1 ml. portions and evaporated after each addition. 

After the final evaporation a practically white residue should be obtained. This 
is dissolved with 4 to 5 ml. of water (b) and 1 ml. of concentrated nitric acid (d) ; 
the solution is heated, 5 ml. of ammonium citrate solution (f ) is added, and a further 
heating for some minutes is applied. 

The solution is transferred to a separatory funnel; the flask is washed at least 
twice with, in all, 10 ml. of water (b), and the wash water is poured into the separa- 
tory funnel. The solution is neutralized with concentrated ammonia (¢) against 
phenolsulfonphthalein, and 2 ml. of citrate-cyanide mixture (h) is then added. 
After shaking, 10 ml. of dithizone reagent solution (m) is added, and the mixture 
is Shaken vigorously at least 100 times. 


The dithizone phase is transferred to another separatory funnel. The solution 
in the first funnel is shaken about 100 times with 5 ml. of carbon tetrachloride (7) 
divided into two portions, after which the carbon tetrachloride is transferred to the 
other funnel. The dithizone solution in this funnel is shaken at least 100 times with 
5 ml. of 1 N hydrochloric acid (n), whereby the lead complex is destroyed and the 
lead is taken up by the water phase. Any drops of carbon tetrachloride remaining 
on the surface are evaporated, the dithizone phase is drawn off, and the water phase 
is poured directly through the top of the funnel into an electrolytical vessel. This is 
then kept submerged for five minutes in a water-bath at 90 C. (as described under 
Procedure ) and then placed in a thermostat set at 25.0 + 0.1 C. In order to remove 
dissolved oxygen, nitrogen is bubbled through the solution for at least 30 minutes, 
after which the polarogram is recorded over the range of the applied potential of 
—0.25 to-—0.7 V. Reagent blanks are run by treating them in the same way as the 
samples. 


POLAROGRAPHIC DATA 


The instrument used has been the ink-recording Polarograph, type PO 3f, manu- 
factured by Radiometer, Copenhagen, Denmark, with a maximum sensitivity of 
4° 10'° amp. per millimeter (Fig. 2). 

The electrode setup has been Radiometer’s Electrode Assembly, type E 63 
(Fig. 3). 

The anode has been a saturated calomel electrode. Nitrogen, purified by bubbling 
through an alkaline pyrogallol solution (p) and through water, is employed to 
remove oxygen from the solutions before polarography. 

The determinations have been carried out at 25.0 + 0.1 C. under the following 
capillary conditions : 

Mass of mercury (m) = 1.83 mg. per second ’ 


Drop time (t) = 4.2 seconds per drop at the half-wave potential (about —0.48 V) 


Under the conditions mentioned, a test solution corresponding to 100 y of Pb 
per 100 ml. of blood, according to the calibration curve (Fig. 4), gives a wave 
height of 66.1 mm. at a sensitivity of 4.9 10°° amp. per millimeter. The lead con- 
centration of this solution is theoretically 4.83 10° mM. per liter. The wave height 
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of 66.1 mm. corresponds to the diffusion current i; — 0.0325 microampere (pa). 
One then obtains the diffusion current constant of lead in 1N HCl, according to 
Lingane."* 


Cm 4.83 
where 
C indicates the lead concentration in millimoles per liter of test solution. 
The C value is in reality lower than that given above, owing to small losses of 
lead (< 10% of the original content) in the course of the analysis. With the actual 
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Fig. 2.—Ink-recording Polarograph, type PO 3f, 
manutactured by Radiometer, Copenhagen, Denmark. 


Wave height 
mm 


Fig. 4—Calibration curve for samples of 5 ml. of blood. Fig. 3.—Electrode Assembly, type 


EK 63, manufactured by Radiometer, 
Copenhagen. 


C value, the constant would be higher and approach the value 3.86 given by Lin- 
gane.'* The wave heights have been measured according to the point method recom- 
mended by Scholander.'* 


RESULTS 


Calibration Curve with Statistical Treatment.—The concentration of lead esti- 


mated in the sample by analysis is determined from the wave height by reading off 
direct from the calibration curve (Fig. 4). The latter has been drawn with the help 
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the actual contents of the samples. 


per 100 MI. of Blood. 


20 60 


Wave height, mm 


13.6 15.1 53.3 
14.7 19.0 34.9 
10,2 24.6 30.5 
21.1 33.6 
15.9 


sion analysis '* of the experimental values 
where 


blood 


y = 0.657 + + 0.45 


Analysis of Variance 


Source of Variation 


ce 
About due to regression 


Total 


100 ml.). 
Significance test : 
231,471 
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1.—Range of Lead Concentrations 


sO 


Sum of 


120 
79.3 
86.7 
83.0 
87.9 
69.9 


Squares 


1”) 
80.4 
95.6 
93.3 

100.4 
102.8 
W.7 


Degrees of 


OCCUPATIONAL 


180 
127.4 
102.0 
107.8 


Freedom 


J) == 3,171; i. e., the regression is significant. 
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MEDICINE 


Content of Pb in Micrograms of Pb per 100 MI. of Blood 


240 


155.3 
177.9 


of data obtained by analyses of blood samples to which known amounts of lead have 
been added. The range of concentrations has been 20 to 300 y of Pb per 100 ml. of 
blood. In all, 56 samples were analyzed. The volume of each sample was 5 ml. This 
amount was added to a micro-Kjeldahl flask. After the addition of stock lead solu- 
tion, the analysis was carried out according to the method described. Blank tests 
were performed with the blood at the same time. The results may be seen in Table 
1 and Figure 4. The analyst who measured the wave heights was not informed of 


Wave Heights Obtained on Analysis of Samples of Human Blood with Known Amounts of 
Added Lead, Converted to the Sensitivity of 4.9 - 107° Amp. per Millimeter (After Subtrac- 
tion of the Respective Blank Values, Which Latter Varied Between 8.1 and 33.4 Mm.). 

The Pb Contents Indicate the Added Amounts of Pb Expressed in Micrograms of Pb 


300 
22.8 
177.1 
187.3 
198.1 
192.4 
212.8 
210.4 
187.3 
144.3 
197.2 


200.4 


The calibration curve has been drawn according to the results obtained on regres- 


4 = concentration in the blood expressed in micrograms of Pb per 100 ml. of 


y = wave height in millimeters at the sensitivity of 4.9- 107° amp. per millimeter. 
The equation for the standard curve obtained with the regression analysis was 


Variance 
231,471 


The residual dispersion, s = \/ 73 = 8.5 (corresponds to about 13y of Pb per 


The wave height always suffers from certain experimental errors which, when 
one converts the wave height to concentration with the help of the calibration curve, 
give rise to uncertainty in indicating the concentration. These errors, expressed 


| 
= = 
49.0 
52.4 
181.6 
60.3 119.9 159.4 
57.8 124.2 138.4 
3,966 73 
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in concentrations, have been calculated from the experimental data for the range 
20 to 300 y of Pb per 100 mil. of blood. In this range the standard deviation has 
been found to be + 10 y of Pb per 100 ml. (corresponding to a total of 0.50 y of Pb 
in the blood sample ), calculated for the mean vaiue of two parallel determinations. 

Comparison with Spectrographic Method.—In order to check this polarographic 
procedure, blood samples from workers engaged in filling seams with solder and 
in subsequent operations in an automobile plant were obtained and simultaneously 
analyzed by a spectrographic method = and by the method described. Table 2 con- 
tains the results of these analyses. 

The values do not indicate any significant lead absorption. The two methods 
seem to agree fairly well for the concentrations found in these samples. 


COMMENT 


Heparin blood samples were used for the analyses. In taking the blood samples, 
it is of the greatest importance that the strictest cleanliness and accuracy should be 


Tas_e 2.—Comparison of Blood Lead |'alues Obtained by Polarographic and 
Spectrographt Methods 


Micrograms of Pb per 100 MI. of 
Blood Found by 


Polarographic Speetrographie 
Worker Method Method 
B 61 7 
| 
D 
37 
37 
Gi 45 
35 
30 


observed, especially when the method is used for control examinations of workers 
exposed to lead, as otherwise the samples may easily become contaminated. 

About six hours was used for the ashing of a series of 10 samples. The use of 
a sand bath averts the tendency of a sample to boil over and later to bump. 

Carbon tetrachloride was preferred as solvent for dithizone, since it gives a more 
stable solution and is less soluble in water than chloroform, which is commonly 
used for dithizone solutions. 

The purity of the Eastman Kodak dithizone was checked spectrophotometrically, 
and the material was found to be of necessary purity. 

As the lead concentrations were low, a maxima suppressor did not have to be 
used."* 

Tin and thallium have half-wave potentials approaching that of lead; i. e., about 
—0.50 V, and they might thus, theoretically, have an interfering effect upon the 
determination of lead. Of these metals, according to Kehoe and associates,’® tin 
may normally occur in the blood. In order to ascertain to what extent tin may have 


¢ Developed by Dr. A. Danielsson at the Central Laboratory, Boliden Mining Co., Skellefte 
hamn, Sweden, where the spectrographic analyses were carried out. 
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an interfering effect on determinations of lead, Sn-I] and Sn-IV, corresponding to 
100 y of Sn per 100 ml. of blood, were added to two blood samples each. The tin 
did not give any wave height in any of the four samples. As thallium probably 
does not occur in the blood in other than exceptional cases, no corresponding test 
was carried out for this metal. 


From practical points of view, the method described may thus be considered to 
be specific for lead and to have an adequate accuracy. 

The sensitivity of the method may possibly be increased by using multiple elec- 
trodes, according to Valentinuzzi and associates." 


SUMMARY 


A polarographic method is described for the determination of lead in blood. 
The sample, 5 ml. of blood, is wet ashed with nitric acid and hydrogen peroxide. 
The residue is dissolved in dilute nitric acid and ammonium citrate solution. After 
the solution is transferred to a separatory funnel, citrate-cyanide solution is added 
after neutralization with ammonia, whereupon shaking with dithizone solution is 
performed. The lead complex is destroyed by shaking with 1 N hydrochloric acid, 
and the hydrochloric acid solution is transferred to an electrolytical vessel that is 
heated for five minutes at 90 C., and after the heating polarography at 25.0 C. is 
carried out. 


A standard curve was drawn with the help of data obtained by analyses of blood 
samples to which known amounts of lead had been added. At the sensitivity of 
4.9 10°° amp. per millimeter, a wave height of about 33 mm. was obtained for a 
content of 50 y of Pb per 100 ml. of blood. The standard deviation for the range 
of 20 to 300 y of Pb per 100 ml. of blood was determined by regression analysis, 
after analyses of 56 blood samples with known added contents, as + 10 y of Pb per 
100 ml. of blood, corresponding to a total of 0.50 y of Pb in the sample, when two 
parallel determinations are made. 

A table is included of blood lead values obtained by the method described and 
compared with analyses of the same samples by a spectrographic method. 

Mrs. Thea Abrahamsson and Miss Gun Johansson gave valuable assistance in the analytical 
work. 
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ERYTHROCYTIC INCLUSION BODIES IN THE BLOOD 
OF CHEMICAL WORKERS 


JAMES P. HUGHES, M.D. 
AND 


JOSEPH F. TREON, Ph.D. 
CINCINNATI 


SIMPLE clinical tool for the recognition and appraisal of significant occu- 
pational exposure to toxic chemicals would be of considerable value. In cases 


of aniline intoxication in man, inclusion bodies in erythrocytes have been described.* 


The enumeration of erythrocytes containing these characteristic inclusion bodies 
has been proposed as a laboratory test of some merit in the clinical study of groups 
of workmen exposed to certain chemical compounds.+ 

The formation of typical inclusion bodies in erythrocytes has been demonstrated 
clinically and in experimental animals following the absorption of aromatic com- 
pounds containing nitrogen, Such varied substances as sodium chlorate, potassium 
chlorate, naphthalene, hydroxylamine, sodium nitrate, sodium nitrite, cobalt, para- 
minobenzoic acid, arsine, and stibine also have been shown to produce this specific 
change in erythrocytes. 

The first complete description of these inclusion bodies was that of Heinz, in 
1890.' He observed definite granules within large numbers of the erythrocytes of 
rabbits exposed to phenylhydrazine. The granules were described as round, oval, 
or serrated bodies, situated most frequently near the periphery of the cell but ocea- 
sionally seen free in the plasma. In some erythrocytes a stalk-like process containing 
an inclusion body had formed at the cell membrane, and the inclusion appeared 
as if it were about to be extruded. Heinz observed a similar change in the blood 
of dogs and cats exposed to certain derivatives of phenylhydrazine and to some 
chemically related compounds. The bodies occur singly as a rule, but sometimes 
two or more are seen in an erythrocyte. In wet preparations they exhibit Brownian 
motion. Their size varies in the erythrocytes of different species, averaging from 
1 to 2 » in diameter in rabbits, guinea pigs, and dogs but considerably larger in cats. 


Read at the 12th Annual Meeting of the American Industrial Hygiene Association, Atlantic 
City, N. J., April 25, 1951. 

From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

The clinical and environmental observations presented herein represent portions of the 
thesis, “Significance of Erythrocytic Inclusion Bodies,” submitted by Dr. Hughes to the Gradu- 
ate School of Arts and Sciences of the University of Cincinnati in partial fulfillment of the 
requirements for the degree of Doctor of Industrial Medicine, 1952.12 

* References 1 and 2. 

+ References 3 to 6. 

t References 7 to 12. 
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The inclusions are stained readily by basic dyes. Heinz used wet preparations 
with methyl violet in isotonic saline. Others have preferred fixed and_ stained 
smears.* A technique of vital staining with a double oxalate and crystal violet 
reagent, providing permanent smears prepared from the suspension, has been 
described by Treon and associates.” This method has proved to be satisfactory for 
the demonstration of the bodies in the blood of laboratory animals (Fig. 1).§ Inclu- 


Fig. 1—Photomicrograph showing Heinz bodies in erythrocytes of the peripheral blood 
of a rabbit two days after being given an oral dose of 180 mg. of monomethylaniline per kilogram. 
x 1,500. (Courtesy Journal of Industrial Hygiene and Toxicology.) 


sion bodies occurring in human erythrocytes, however, are somewhat more difficult 
to stain and are not so uniform in appearance as are those observed in the blood 
of some animals. 


These inclusion bodies cannot be stained satisfactorily by the Wright or Giemsa 
methods, probably accounting for the fact that the phenomenon has been observed 
in man so infrequently. Moreover, affected erythrocytes are particularly difficult 


§ References 9 and 10. 
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to photograph by ordinary illumination. Counterstaining for purposes of contrast 
usually is not successful, since the basic dye may be washed out of the Heinz 
bodies by this process. They may be seen and photographed quite readily, however, 
in either unstained or vitally stained wet preparations by means of dark-field or 
phase-contrast illumination,'® 


There lias been considerable discussion of the questions of the pathogenesis of 
the formation of the bodies and their fate in the living organism. There is some 
evidence that the particles are newly formed in mature erythrocytes through an 
irreversible reaction of a protein of the membrane with a toxic agent or with some 
intermediate metabolite.’ But it also is held that the bodies are globules of dena- 
tured hemoglobin and that their formation depends upon scission of the porphyrin 
ring in hemoglobin to form verdohemochromogen, an early step in the degradation 
to bilirubin.'* Affected erythrocytes probably are removed from the blood by the 
intact spleen.’* 

Heinz referred to these structures as Blaukdrper. Other terms have been affixed : 
hemoglobinemic inclusion bodies, hemoglobinemic inner bodies, Ehrlich-Heinz or 
Heinz-Ehrlich bodies, Heinz’s blue granules, Heinz /nner-K érpern, Polkérperchen, 
Innenkorper, Binnekorper, and Innenkorperchen.. The term “Heinz bodies” is 
preferred in the few publications on the subject that have appeared in the [-nglish 
language. 

Some of the compounds shown to be potent producers of Heinz bodies in animals 
have widespread industrial application, The blood of trinitrotoluene workers was 
examined for the presence of erythrocytic inclusion bodies by Horecker * and by 
Sievers and associates.° In each of these studies, the relative turbidity of hemo- 
lyzed blood was taken as an index of the formation of Heinz bodies, although the 
numbers of affected erythrocytes were considered to be too few to be enumerated 
by means of the direct examination of blood films. Because of the difficulty of identi- 
fying Heinz bodies even by morphologic study and because of grave differences 
of opinion among hematologists concerning the significance of different types of 
erythrocytic inclusion bodies, conclusions based upon indirect methods of examina- 
tion of the blood must be viewed with some skepticism. 

We have observed four chemical workers with clinical methemoglobinemia fol- 
lowing accidental exposure to aniline compounds. In three of the four cases, sig- 
nificant numbers of the erythrocytes were observed to contain inclusions charac- 
teristic of Heinz bodies. A group of 36 men employed regularly at a chemical 
plant in a building where large quantities of aniline compounds were being proc- 
essed also were examined, Of the 36 men examined, 4 had significant numbers 
of erythrocytes containing inclusion bodies. The technique described by Treon 
and associates * was used for the enumeration of the bodies (Appendix). By this 
staining method, typical inclusions in the erythrocytes of both groups of men 
appeared distinctly in blood smears as small light blue to deep purple bodies, rarely 
more than one in a cell, situated near the periphery. 


REPORT OF CASES 


Case 1.—J. R. was a 72-year-old white sheet-metal worker. While he was repairing the 
hood over a kettle of cooling aniline, his lips became blue. The duration of his exposure to 
aniline vapor was estimated at 30 minutes. Cyanosis increased and was accompanied by moderate 
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weakness and shortness of breath. Six hours after exposure, examination of the venous blood 
by a spectrophotometric method disclosed 8.83 gm. of methemoglobin and a total hemoglobin 
concentration of 15.2 gm., a conversion of 58.1%. At this time, 8% of the erythrocytes contained 
Heinz bodies (Figs. 2 and 3). There was symptomatic improvement upon the inhalation of 
oxygen. Forty-eight hours later, while the patient still was slightly cyanotic, 24.5% of the blood 
pigment was present as methemoglobin, and there were Heinz bodies in 28% of the erythrocytes. 
On the 7th, 14th, and 21st days after exposure, the Heiaz body counts were 12%, 5%, and zero, 
respectively. There was no anemia or other sequela. The patient returned to work five days 
after the onset of illness. 

Case 2.—R. G., a 49-year-old white chemical operator, in charging an autoclave spilled a 
small amount of metachloraniline on his trousers. About one hour later he became weak and 
lightheaded and was told by a fellow workman that his lips were blue, Four hours after the 
exposure, when cyanosis was most marked, 5% of the erythrocytes contained Heinz bodies 
(Fig. 3). On the next day, after hospitalization overnight and the administration of oxygen, 
slight cyanosis persisted. The percentage of red cells with Heinz bodies was now 18; on the 
third day it was 28, and on the seventh day 20. There was no anemia. The man returned to work 
on the fourth day after the exposure. 


PATIENT JR 
4 0 
Heinz % 
50 Bodies MetHgb Heo 
45| 90 
80 
3 
9 70 
£30 £60 
25| 250 
240 
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230 
* 10) 220 
5 10 


3 7 14 
TIME IN DAYS (LOGARITHMICALLY) 


Fig. 2—Patient J. R., Case 1. Percentages of erythrocytes containing inclusion bodies (Heinz 
bodies) and extent of methemoglobin conversion following exposure to aniline vapor. 


Case 3.—J. B., a 43-year-old white chemical operator, had cleaned the inside of an aniline 
kettle for a period of one hour while wearing an air-supplied mask. He felt slightly dizzy. His 
lips, nose, and ears were cyanotic, and he became increasingly dyspneic. He was hospitalized 
two hours after the onset of symptoms, and oxygen was administered. On discharge 48 hours 
later, there were Heinz bodies in 30% of the erythrocytes (Fig. 3). On the 4th day the count was 
35% ; on the 5th day, 24% ; on the 8th day, when the patient returned to work, 18%; on the 14th 
day, 10%, and on the 44th day there were no Heinz bodies. There was no anemia at any time. 


Comment.—Each of these patients was strikingly cyanotic when first observed, 
and each had other signs and symptoms of anemic anoxia. The clinical diagnosis 
of methemoglobinemia was quite evident. The concentration of methemoglobin 
was determined carefully in each instance, although the laboratory method is 
tedious and requires spectrophotometric equipment. 

The enumeration of Heinz bodies is a much simpler technique. If this phe- 
nomenon could be correlated closely with the severity of methemoglobinemia, it 
might have value as an alternate test. To have real diagnostic usefulness, how- 
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ever, the formation of Heinz bodies should be demonstrable in an incipient or 
early stage of the disorder; that is, when the degree of methemoglobinemia 1s less 
than that which occurred in any of the cases described above. 


Case 4.—E. B. was a 42-year-old white electrician. While working on the wiring in a 


chemical building, kis clothing probably was contaminated by an aniline compound. Within a few 
hours he developed very mild cyanosis of the lips, oral mucosa, and finger tsps. Methemo- 
globinemia to the extent of 26.3% was found, but there were no Heinz bodies in the erythrocytes. 
The patient had mild occipital headache during that night but returned to work on the following 
day. Cyanosis now was absent, and there were no Heinz bodies in the blood on this or on several 
subsequent examinations 


Comment.—This case suggests that the formation of Heinz bodies in the ery- 


throcytes of persons suffering from methemoglobinemia due to the absorption of 


aniline compounds either is not of constant occurrence or is not related closely to 


the severity of the condition, This man had suffered a much milder episode of 


methemoglobinenia than the others. 
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Fig. 3.—Patient J. R., Case 1; Patient R. G., Case 2, and Patient J. B., Case 3. Increase and 
decline in numbers of erythrocytes containing inclusion bodies following exposure to aniline 
compounds, 


All the above cases were of an acute nature and arose as the result of acci- 


dental exposure to an aniline compound, None had occurred in the course of normal 


plant operations. It was decided, therefore, to make a clinical and hematologic 


survey of a small group of workmen who were known to handle regularly aniline 


compounds under controlled operating conditions and to determine the presence 
or absence of Heinz bodies in the blood of these healthy subjects. 


EXPOSURE TO ANILINE COMPOUNDS: ENVIRONMENTAL AND CLINICAL OBSERVATIONS 


The “aniline building” of a chemical plant was chosen for investigation. Large 
quantities of aniline and metachloraniline were used as raw materials, and other 


aniline derivatives were encountered in some stages of the manufacture of chemical 


intermediates. In addition, processes employing certain aliphatic amines also were 


carried on. All the workmen had some exposure to both general types of com- 


pounds. Potentially hazardous processes were carried out in closed systems. How- 
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ever, exposure to these chemicals was intermittent, occurring chiefly during the 
charging, emptying, and cleaning of equipment and during sampling. It was thought 
that there probably was occasional contamination of the air in the building by the 
vapor of aniline derivatives, although exposures in these circumstances were of 
brief duration, General ventilation of the building was adequate. Observations 
were made during a period of exceptionally cold weather, while doors and win- 
dows were kept close. This was a somewhat unusual condition, since it was cus- 
tomary to open some of these in less inclement weather. 

Samples of the workroom air were obtained for analysis. This had the pur- 
pose of appraising the magnitude of the occupational exposure of the men to the 
substances that most commonly had been observed to give rise to clinical methemo- 
globinemia and also had been demonstrated as being capable of causing the forma- 
tion of Heinz bodies. Sampling was carried out under average operating conditions 
at three of the chief work stations in the building and was planned with a view 
to detecting both peak concentrations and usual concentrations of the contaminants 


TABLE 1.—Analysis of Air Samples Obtained in the “Aniline Building” of a Chemical Plant 


Concentration of 


Sample Contaminant, 

No Contaminant Site of Collection Date and Time Ppm 

1 Monomethylaniline At dimethylaniline receivers 11:00 a.m 1.25 

2 Metachloraniline In basement near metachloraniline $651) 11:15 a.m 0.13 
separator 

3 Metachloraniline Same, but during filling of sepa $18 51 10:00 acm 0.29 
rator tank 

4 Aniline Same as sample 1, but during 4/13/51 10:15 a.m O34 
processing of diethylaniline at 
adjacent aniline still 

5 Aniline At dimethylaniline autoclaves 414/51 10:05 a.m 0.06 

6 Aniline Same, but while steam flushing the 414/51 10:10 acm 13 
basement floor below 

7 Aniline Same, but 10 minutes after flushing $1451) 10:20 a.m 0.27 


in the air. A total of seven grab samples were collected in evacuated flasks of 
5 liters capacity. 

Method.—In each instance the contaminant was taken up in HCL. In Sample 1 a nitroso 
compound was formed by the addition of sodium nitrate and the amount of monomethylaniline 
determined by spectrophotometric measurement at 430 mu. In Samples 4, 5, 6, and 7 the aniline 
present was converted to a diazotizable amine, the solution alkalinized, coupled with the sodium 
salt of 2-naphthol-3,6-disulfonic acid (R Salt), and read at 505 m#. Samples 2 and 3 were boiled 
in strong HCl, with Zn dust forming a diazotizable amine, and then treated as aniline. Known 
amounts of each of the amines were subjected to the principle of the test with appropriate dilu- 
tion and the preparation of a calibration curve. 


Results of Air Sampling.— The analytical results of atmospheric sampling are 
listed in Table 1. In Sample 1 all aromatic amines are calculated as monomethyl- 
aniline; in Samples 2 and 3 all chlorinated aromatic amines are calculated as 
metachloraniline ; in Samples 4, 5, 6, and 7 all aromatic amines are calculated as 
. aniline. All contaminants are calculated in parts per million parts of air. The high- 

est concentration of any of the contaminants, 1.3 ppm of aniline, was observed in a 
sample (Sample 6) collected during the steaming of a cement floor to remove 
a spill of an aniline compound. As was customary, large doors in the side of the 
building immediately adjacent to this area were opened during the cleaning opera- 
tion, and personnel stayed clear of the vapor clouds which were formed. Ten 
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minutes after cleaning, a second sample (Sample 7) taken at the same site con- 
tained only 0.27 ppm of aniline. The mean concentration of aniline compound con- 
taminant in the seven samples was 0.53 ppm. 


Personal Exposure.—There were 36 white male workmen employed on three 
shifts. Most of them had worked seven eight-hour shifts each week for several 
months immediately prior to the time of these physical examinations. Nine of the 
36 had been in this building for five years or longer ; the mean exposure period was 


41.2 months. The mean age of the group of 36 was 28.2 years, and the median age, 
30 years. 

A medical and occupational history was obtained in interview with each man 
by an examiner who was familiar with the processes carried out in the plant. Each 
was questioned in an especially thorough way as to the occurrence of cyanosis, 
weakness, and dizziness and of symptoms referable to the skin and respiratory 
systems. Nine men gave a history of one or more episodes of “blue lip” or methemo- 
globinemia, occurring on the job; two of them had each had a single attack within 
the previous year, including one of those reported above (R. G., Case 2). 

The clinical and laboratory studies were conducted in the plant medical depart- 
ment and included physical examination, urinalysis with microscopic examination 
of the urinary sediment, hemoglobin determination by the Haden-Hausser method, 
complete blood count, and enumeration of erythrocytes containing inclusion bodies. 

Results of Examinations.—There was no evidence of any occupational disease, 
although three men were under the care of private physicians for the treatment of 
peptic ulcer. Personal hygiene of the men as a group was excellent. The urinalyses 
revealed no significant abnormalities. No deviations from the normal were found 
on the routine blood examinations. 

Hematological observations, including determination of the percentages of 
erythrocytic inclusion bodies found, are recorded in Table 2. Of the 36 workmen, 28 
(77.8% ) had 1% or less of red cells containing such bodies (Table 3). In no case 
was there more than 4%. The inclusion bodies were morphologically indistinguish- 
able from the Heinz bodies described herein in the blood of patients with clinical 
methemoglobinemia. 

Comment.—The suggested maximum tolerable concentration of aniline under 
conditions of regular industrial employment is 5 ppm parts of air. Derivatives of 
aniline that are closely related to it chemically generally may be considered to have 
about the same order of toxicity. Each of the samples of air collected in the aniline 
building contained considerably less than this concentration of 5 ppm of aniline 
and related substances. However, the occurrence of occasional peak exposures 
greater than those observed was considered to be a realistic possibility. On the 
basis of the values obtained, exposure of the workmen to the vapor of aniline com- 
pounds did not appear to be of hazardous dimensions during the course of normal 
operations, This impression was supported by the absence of clinical or laboratory 
signs of injury in the 36 men examined. In each case of acute methemoglobinemia 
that had been reported in this group, the history of some unusual accidental exposure 
to an aniline compound was obtained, consisting most commonly of contamination 
of the clothing. 

One factor of safety in regard to the presence of aniline compounds in the air 
of the workroom is the characteristic odor of these substances. The odor is said 
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TaBLe 2.—Clinical and Hematological Observations Upon a Group of Chemical Workers Regu- 
larly Exposed to Aniline and Derivative Compounds 


Period 
Since 
Last 
Consecu- Attack RBC's 
tive of “Blue RBC's/ with 
Age, Exposure, Lip,” Signifieant Clinical Hegb., Mm.’, Inclusion 
Subject No. Job Title Yr. Mo. Mo. Diagnoses Gm. Millions Bodies, % 
Foreman 35 120 Peptie ulcer, dental 5.60 <i 
caries 
2 Foreman 2 - Peptic ulcer, tension 4.82 
headaches 
Operator 5 j i None 2 4. 
Operator 2 Dental caries j 5.10 
Operator 5 Obesity 4.86 
Helper None 5 5. 
Helper Dental caries 4.27 
Helper None 4.06 
Helper f Peptic ulcer 5 4.91 
Helper Moderate hearing { 4.78 
impairment 
Operator Dental caries 5 4.81 
Operator - Gingivitis 5.96 
Operator - Pyorrhea alveolaris, 444 
tension headaches 
Operator 2 None 5.06 
Operator None 5.37 
Operator 26 - Chronie maxillary 5 5.60 
sinusitis 
Operator Q y - Bronehial asthma, 5 5.08 
sinusitis 
Operator 33 None 44 
Operator 2 Rheumatie heart dis- 5 AS 
ease, Inactive; pyor- 
rhea alveolaris 
Helper None 
Helper None 
Helper None 
Helper Chronie alcoholism 
Helper None 
Helper Dental caries ,pyor- 
rhea alveolaris 
Operator Dental caries 
Operator 22 ¢ -- None 
Operator ‘ 36 None 
Maintenance Pyorrhea alveolaris 
Laboratory 2 Hay fever 
Foreman i None 
Foreman 32 2 4 Hypertension, dental 
caries 
Supervisor - None 
Assistant R None 
Supervisor 
Helper 2 None 


\ 


A 


A 


* Reported under eases as Case 2. 


TABLE 3.—Occurrence of Erythrocytic Inclusion Bodies in the Blood of Chemical Workers 
Regularly Exposed to Aniline Derivatives 


% RBC’s with No. of % of Total 
Inclusion Bodies Workmen Group 
Less than 1 jena ‘ 15 41.7 
13 36.1 
11.1 
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to be perceptible at a concentration of 0.5 ppm, approximately one-tenth of the 
amount considered to be tolerable for prolonged exposure. Usually there is ample 
warning of significant contamination of the air of the workroom. Experienced 
werkmen are so familiar with the “blue lip” and the associated symptoms of aniline 
intoxication that they have great respect for its warning odor. 


GENERAL COMMENT 


In three of the patients suffering from clinical methemoglobinemia, the result 
of accidental exposure to aniline compounds, Heinz bodies were observed in appre- 
ciable numbers in the erythrocytes of the peripheral blood. In the fourth patient, : 
methemoglobinemia was less marked, and Heinz bodies were not seen in any of 

the erythrocytes, Of the group of 36 workmen exposed regularly to aniline com- 

pounds under conditions of generally adequate ventilation, 32 (89%) had erythro- 
cytic inclusion bodies in insignificant numbers. In four others (11%), from 3 to 4% 

of the erythrocytes contained inclusion bodies. 


Many of the compounds that have been described in connection with the forma- 
tion of Heinz bodies also may give rise to methemoglobinemia, but this relation- 
ship is variable. The chief clinical significance of Heinz bodies lies in the fact that 
they have been observed in cases of exogenous methemoglobinemia of occupational 
origin. ‘The enumeration of erythrocytes containing Heinz bodies is a much sim- 
pler task than the determination of the extent of methemoglobin conversion in 
the blood, It has been mentioned that the blood of trinitrotoluene workers was 
examined by Horecker * and by Sievers and associates ° in this country, and deter- 
mination was by indirect means of the numbers of Heinz bodies. The German 
government in 194] issued instructions for the microscopic examination of the 
blood of munitions workers for the detection of Hleinz bodies as a sign of incipient 
intoxication.” However, convincing evidence of a strict relationship between Heinz 
body counts and methemoglobin conversion has not been presented. At present, 
these tests cannot be considered to be of equal value in the evaluation of the extent 
of absorption of toxic chemicals. 


Among the types of inclusion bodies in the erythrocyte that have been described 
are those bearing eponymic references to Grtneberg, Pappenheimer, Howell-Jolly, 
Rohl, and Maraglhiano, in addition to those of Heinz.|| The significance of some of 
these inclusion bodies is not clear. It is suspected that there has been considerable 
confusion in terminology, since types of inclusion bodies in the erythrocyte may 
differ but little in appearance and are difficult to distinguish one from the other. Even 
an occasional reticulocyte may resemble the erythrocyte which contains some other 
specific type of inclusion body which is in an early stage of formation. 


More- 
over, it is not always possible to differentiate artefacts from inclusion bodies. A 
platelet superimposed upon an erythrocyte may be mistaken for an inclusion body. 
On the other hand, the mechanical force required for smearing a blood film may 
detach some true inclusion bodies from their erythrocytes. For these reasons, the 
enumeration of inclusion bodies in stained smears has an error that is probably 
of the order of magnitude of at least 2%. When relatively large numbers of erythro- 
cytes are affected, as occurred in our cases of acute aniline intoxication, this error 
is unimportant. 


|| References 14 and 15. 
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ERYTHROCYTIC INCLUSION BODIES IN CHEMICAL WORKERS’ BLOOD 


The limited numbers of affected erythrocytes encountered in the blood of 
the healthy workmen, and the small size of the group itself, do not justify a final 
conclusion based upon the observations made in the plant survey. It is suggested 
that the phenomenon of inclusion bodies in the erythrocytes of workmen exposed 
to aniline compounds is not of regular occurrence and may not be a thoroughly 
reliable laboratory sign of intexication by these substances. The examination of 
larger groups of exposed and unexposed human subjects should provide clinical 
data upon which more significant deductions can be based. 

Interest in the enumeration of erythrocytic inclusion bodies as a technique of 
potential clinical value in the practice of occupational medicine persists... The 
increasing use in the chemical and propellant fuel industries of hydrazine and its 
derivatives, including substances demonstrated to produce Heinz bodies in human 
erythrocytes,* has given added significance to the search for worth-while clinical 
methods for the appraisal of incipient intoxication by chemical compounds that 
are commonly encountered in industry. 


SUMMARY 

Four cases of aniline intoxication in chemical workers are described. All the 
workers had clinical methemoglobinemia. Inclusion bodies were found in as many 
as 35% of the erythrocytes in three of the four men. Maximum counts were obtained 
on the third and fourth days after exposure, after methemoglobin reduction was 
nearly complete. Affected erythrocytes gradually disappeared from the blood in 
from three to six weeks. The fourth patient, whose illness was the mildest, had 
methemoglobinemia to the extent of 26.3% but no inclusion bodies in the ery- 
throcytes. 

Clinical and hematological examination of 36 workmen exposed daily to aniline 
compounds under conditions of generally adequate ventilation, where concentrations 
of aniline in the air averaged 0.53 ppm, revealed no significant abnormalities. 
In 32 of the 36, 2% or less of the erythrocytes had inclusion bodies, and in two 
others a maximum of 4% of the erythrocytes were affected. 


The enumeration of Heinz bodies in the blood is of interest as a confirmatory 


test in some cases of frank clinical methemoglobinemia of occupational origin and 


may become a clinical measure of value in the early detection of chemical intoxi- 
cation. 


Dr. D. J. Lauer gave permission to examine Cases 2, 3, and 4. Chemical analysis of the 
samples of air collected in the plant was performed in the Division of Industrial Hygiene 
Technology of the Laboratory under the supervision of Mr. J. Cholak. 


APPENDIX 


Method of Staining for Heinz Bodies.7~—The reagent solutions used are Quick’s double oxalate 
and crystal violet. The first is made by dissolving 0.75 gm. of reagent grade potassium oxalate 
and 1.25 gm. of reagent grade ammonium oxalate in 100 ml. of distilled water. The second con- 
tains 0.5 gm. of crystal violet in 5 ml. of 100% methyl alcohol. The crystal violet solution is 
poured into a 3 or 4 in. (8 or 10 cm.) smooth glass mortar and swirled along the sides until the 
alcohol has completely evaporated. Then 100 ml. of the double oxalate solution is added to the 
mortar and mixed well with a glass pestle. The final solution is filtered before each use. There 
is significant deterioration of the stain within two weeks 


€ References 3, 6, and 16, 
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To 0.1 ml. of blood contained in the cavity of a hanging drop slide, a single drop of the stain- 
ing solution is added and mixed thoroughly with a small glass rod. This is covered to prevent 
evaporation and allowed to stand 10 minutes in order that the cells may be stained while still in 
suspension in plasma. A thin smear of the mixture is made on a clean glass slide, allowed to 
dry, and examined under oil immersion. Staining is considered to be adequate when platelets and 
the nuclei of leucocytes appear pale blue. The number of deeply stained granular structures within 
the cell (Heinz bodies) in 300 erythrocytes is determined. To facilitate counting, a glass dis¢ 
divided into about 25 sections may be placed into the eyepiece of the microscope. 
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MEASUREMENT OF AIR POLLUTION 


J. CHOLAK, Ch.E. 
CINCINNATI 


HE MEASUREMENT of air pollution is no lenger concerned primarily 

with determining the amounts of smoke, soot, and fly ash and the intensity 
of odors. Increased attention is being paid to the materials which manifest them- 
selves day by day through their effects on painted surfaces and other structural 
materials, by reducing visibility, by causing damage to vegetation and livestock, 
and by their effects on the comfort and well-being of the residents of industrial 
communities. Interest in the measurement of air pollutants has been stimulated 
further by certain dramatic episodes of air pollution with their attendant loss of life 
and increased incidence of illness, such as the Meuse Valley disaster in 1930, the 
incident at Donora, Pa., in 1948, the Poza Rica hydrogen sulfide tragedy in 1950, 
and the heavy London fog of 1952. Also, in the Los Angeles area, measurements 
of many air pollutants have been made in an effort to explain the special character 
of the smogs in that area. 

The objectives of an investigation of air pollution determine the type, number, 
and sensitivity of the measurements which must be made. When one is concerned 
with a well-defined industrial process running day in and day out, near which pol- 
lution occurs with regularity under proper meteorological conditions, it is often 
a simple matter to identify and determine the offending pollutants. Thus the amounts 
of smoke, fly ash, and sulfur dioxide lend themselves readily to determination in 
the vicinity of large coal-burning power stations. In areas near plants in which 
materials containing fluorides are processed, wherein damage to livestock and vege- 
tation are the principal effects, the measurement of the fluoride content of the air 
aids in establishing the responsibility for the damage. Another well-known example 
is the determination of the concentrations of sulfur dioxide in the atmosphere of 
localities where damage to vegetation has resulted from the processing of sulfide 
ores. The Selby and Trail, B. C., investigations of air pollution which established 
the latter association are described in a number of historic reports.* 


When one considers the measurement of air pollution in relation to its public 
health aspects, many difficulties are encountered. Not the least of these stems from 
the fact that single pollutants can rarely be incriminated. In only one of the dramatic 
incidents mentioned earlier was an increased concentration of an injurious material 


responsible for the deaths and illnesses which occurred. In this instance, at Poza 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 
103rd Annual Meeting of the American Medical Association, San Francisco, June 23, 1954. 

* References 1 to 3. 
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Rica, a flare burning hydrogen sulfide was extinguished during the night and a plume 
of gas containing 16% of hydrogen sulfide blanketed an area in a definite pattern. 
Only persons living in the blanketed area were affected. Plant personnel were 
unaffected, except that some of those who went to work on the morning shift were 
made ill when they passed through the contaminated area.*| No such clear-cut 
associations could be established in the other acute episodes of air pollution. Some 
persons with cardiorespiratory disease were seriously affected, but no single toxic 
agent was present in a sufficiently high concentration to cause these effects. It has 
been suggested, therefore, that the injury was due to the summation, or to the 
potentiating action, of a combination of irritating materials, but the precise materials 
and the mechanism concerned are hypothetical. 


The atmosphere contains such a great variety of materials that its exact composi- 
tion defies description. Not all the contaminants are man-made, for one has only to 


consider the numerous natural sources of pollution to realize the complex nature of 
the composition of the atmosphere and the extent of the pollution which can occur 
on oceasion. Recurrent dust storms, grass and forest fires, eruptions of voleanoes 
and geysers, natural radioactive emanations from the earth, evaporation of sea spray, 
the decay of vegetable and animal matter, and the vaporization of meteors as they 
enter the earth’s atmosphere are all natural sources with large pollution potentials. 
When the island of Krakatao, between Java and Sumatra, exploded in August, 1883, 
such a great quantity of dust was dispersed into the atmosphere as to produce an 
abnormal haze which persisted in the sky for two years. A truly formidable analyti- 
cal problem is presented to the analyst when the contributions due to man’s activities 
are added to those which derive from natural sources. One process alone, that of 
the burning of fuels, whether solid, liquid, or gaseous, produces innumerable com- 
pounds which find their way into the atmosphere, where they may react further to 
form other materials. 

It is obvious, therefore, that the exact composition of the atmosphere will always 
remain somewhat indeterminate because of its continuous change and that from time 
to time numerous materials, possessed of known toxic properties, will be reported 
as having been found in the atmosphere. We should not be astonished by these 
reports. Indeed, the absence of certain elements and compounds among those listed 
as regular or frequent contaminants of the atmosphere is more surprising because of 
the fact that the techniques of sampling and analysis have not been developed in some 
instances or applied with curiosity and diligence in certain others. As an example, 
up to a few years ago no data were available concerning the quantities of beryllium 
normally present in the atmosphere. Interest aroused by the great toxicity of some 
beryllium compounds, as manifested by a number of neighborhood cases of chronic 
berylliosis,® plus the development of highly sensitive analytical methods, has led to 
the detection and measurement of traces of beryllium in the atmosphere of several 
cities. When one considers the pollutants in relation to their sources, it is not 
remarkable that a material which produces a harmful effect when administered to 
animals in relatively large amounts can be found in the atmosphere in traces or small 
quantities. 

Very sensitive analytical methods are available for the determination of many 
of the air pollutants. Some methods possess a high degree of specificity, but there 
are a number of common pollutants for which no truly specific analytical methods 
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are available. Efforts toward the measurement of air pollutants, therefore, are 
directed toward the development of specific and sensitive methods, particularly by 
the use of continuously recording instruments As can be imagined, much still 
remains to be accomplished, so that in many instances the measurements represent 
only indices of a type of contaminant rather than a direct measurement of the pollutant 
under suspicion. It is to be expected, therefore, that even so-called comprehensive 
investigations of air pollution are concerned with the determination of relatively few 
pollutants. 

Thus in Los Angeles, damage to certain leafy vegetables and the conjunctivitis 
of man are attributed to the formation of products produced in the atmosphere by 
the reaction between ozone and certain hydrocarbons.’ Data have been obtained 
which indicate that the oxidant levels in the atmosphere of Los Angeles increase 
. directly with the severity of the smog, and levels as high as 80 parts per hundred 

million (pphm) of oxidant have been measured. This is in contrast to the normal 
level of 2 to 3 pphm and the maximum of 20 pphm for other communities. In so 
far as its effects on the general public are concerned, sulfur dioxide is not considered 
to be a significant contaminant in the Los Angeles area. This viewpoint arises from 


TABLE 1. 


-Concentrations of Common Air Pollutants in the Average Urban Area ® 
Parts per Million Except as Indicated 


Contaminant Average Concentration Range 
Dust-fall (soot-fall) .. — 20" 
Suspended matter ...... ‘ <0.1-3.04 
Carbon dioxide ...... in ‘ 300 1000 
Carbon monoxide ........ —20 >200 
Oxides of nitrogen (NOzs).... 
Aldehydes (acrolein) . <0.10 1.00 
Ozone (oxidants) ..... 0.0-0.80 
Ammonia ............ ‘ 0.00-0.21 
Total organies (gaseous)............ 


Tons per square mile per month. 
Milligrams per cubic meter 
Insufficient need further attention 


the fact that the frequency and severity of the smogs have not been reduced despite 
the considerable decrease in the emission of sulfur dioxide from industrial processes. 

In the eastern section of this country, and in London, more attention is paid to 
the measurement of the quantities of particulate matter, carbon monoxide, and sul- 
fur dioxide. From time to time, other pollutants have been measured. Table 1 


5 gives a list of the commoner pollutants, for which a great deal of data have been 
accumulated, Those relating to the gaseous contaminants have been arranged in 
the descending order of their abundance in the atmosphere. The average value in 

: every case is an approximate concentration which can be expected to be found in 
the atmosphere of the average industrial community under average weather condi- 
tions, while the range which is shown covers the concentrations which can be expected 
as one proceeds from wholly residential to heavily industrialized areas. 

Dust-fall measurements have long been used as measures of community cleanli- 
ness. This type of determination measures the larger particles which settle out of the 
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atmosphere through the action of gravity. The material has little physiologic signifi- 
cance, although its nuisance value is considerable. Other methods are employed to 
estimate the smaller particles which remain suspended in the atmosphere and can 
be carried for great distances by the mildest of air currents. The size of the particles 
rarely exceeds 3 4, and, therefore, they are considered to be of physiologic signif- 
icance since they can reach the lungs readily. These aerosols are receiving more 
and more attention, since some of them (of vegetable origin) are known, and others 
are suspected of playing an important role, whether directly or indirectly, in dis- 
turbances of respiratory function and structure. 

Carbon dioxide is the chief gaseous pollutant. Its concentration in the atmosphere 
is generally of the order of 300 ppm, but appreciably higher concentrations have been 
recorded during severe London fogs.* Carbon monoxide is the next most abundant 
gaseous pollutant. The maximum concentration listed in Table 1 represents a very 
unusual situation, such as a fleeting peak concentration near the exhaust of a bus. 
The oxides of nitrogen come next in order of concentration. They are produced in 
large amounts by the internal combustion engine and in all processes in which open 
flames or high temperature are involved, as well as by electrical discharges. The 
concentrations of aldehydes are comparable to those of the oxides of nitrogen. The 
aldehydes represent only a fraction of the organic material present in the air. It is of 
interest to report that 60 different organic compounds have been identified in the 
atmosphere of Los Angeles, in which it is estimated that the average concentration 
of organic material is approximately 1 ppm.t The approximate average concentra- 
tion of sulfur dioxide in the average industrial community is below 0.1 ppm. 
However, concentrations which can be detected by odor (or taste) are often reported. 
(It may be that concentrations far below the level of identification of the pure gas 
can be recognized as such in the presence of particulate solids, as in coal smoke. ) 
The concentrations of fluoride in the atmosphere rarely exceed a few parts per billion. 
So far as vegetation is concerned, hydrogen fluoride must be considered the most 
toxic of the common atmospheric pollutants, since the highest concentration which 
can be tolerated indefinitely by plants is said to be of the order of 0.05 ppm.'* 

The approximate average concentrations and the ranges of concentration of a 
number of toxic materials found in the suspended matter in urban atmospheres are 
given in Table 2. These values are derived from the data obtained by the analysis 
of several hundred samples of suspended matter collected in a number of cities. 
They include some very recent data from a cooperative country-wide investigation 
of the United States Public Health Service and the Kettering Laboratory. The 
generally accepted threshold values (maximum allowable concentrations in the 
industrial environment) for these toxic materials are also shown for purposes of 
comparison, They are not given as evidence of the harmless character of the concen- 
trations listed but only to relate them, quantitatively, to standards which if not 
entirely applicable are, nevertheless, based on human experience. On the basis of 
such comparisons, it seems probable that the factor of safety, in each instance, is 
ample. This may prove to be an unjustified viewpoint, but up to the present time 
there is no evidence to the contrary. The two threshold values given for the sulfate 
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and the one for nitrates are the calculated weight concentrations for 10 parts of 

sulfur dioxide, 1 part of sulfuric acid, and 10 parts of the oxides of nitrogen, respec- 
tively, per million parts of air. : 

A more comprehensive examination of the aerosols than has been attempted to 

date will be required if we are to understand the physical combinations and the 

chemical reactions which may occur between them and certain gaseous materials 

under suitable conditions to form irritant or injurious mixtures in the atmosphere. 

Some information concerning the metallic composition of suspended matter is being 

collected, as shown by Table 2. Because of their carcinogenic properties, considerable 

3 interest is being shown in the nature and quantities of a number of polycyclic hydro- 

carbons present in smoke and soot. More information, however, is needed concern- 

ing the anionic components of the aerosols, particularly the strong acid radicals 

PF which may be formed on moist surfaces by the absorption of such acidic materials as 

chlorine, the oxides of nitrogen, and sulfur dioxide. In adverse weather, such as that 

favorable for the formation of smogs, there is a large increase in the numbers of solid 


TaBLe 2.—Concentrations of a Number of Toxic Materials in Suspended Matter 
Micrograms per Cubic Meter 


Threshold 


Material Average Range Concentration 

—2.0 0.1-12 10 
>0.10 0.00-0.21 100 
Cadmium >0.10 0.00-0.4 100 
— 0.4 <0.01-0.63 

1,000 


* Limited number of samples. 


and liquid particles in the atmosphere, and consequently a greater surface area is 
available for the absorption of, and the reaction with, gaseous material. The role of 
sulfur dioxide in this action is being given serious consideration, and the measure- 
ment of the ratio of the total amount of sulfurous material which is present as 
particulate matter may be of value in explaining the irritant nature of some smogs. 
For example, during the severe London fog of 1952, the maximum daily average 
concentrations of sulfur dioxide and suspended matter were determined as 1.34 ppm 
and 4.46 mg. per cubic meter of air, respectively.'* The average quantity of sulfur 
dioxide present was the equivalent of 5.8 mg. of sulfuric acid per cubic meter of air. 
If only 10% of the sulfur dioxide had been absorbed on the moist suspended matter, 
sulfate would have formed 13% of the total quantity of suspended matter. Had the 
sulfite and sulfate (due to oxidation by oxygen dissolved in the moisture) ions 
remained free for only a brief period of time, a highly irritating and corrosive sub- 
stance would have been produced. 

That aerosols or the combination of aerosols and gaseous contaminants are 
responsible for the respiratory irritation observed in the London fogs is suggested 
by the recommendation that respirators be used during periods of heavy foggy 
weather.'* Furthermore, some laboratory work has already demonstrated the 
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physiological action of combinations of certain aerosols and gases. Thus it has been 
shown that human subjects breathing air containing either sulfur dioxide in the 
concentration of 0.62 ppm or sulfuric acid mist at a concentration of 0.12 mg. per 
cubic meter of air undergo no changes in their respiratory or pulse rates. However, 
when these materials at the concentrations indicated are combined in the same air 
stream a marked increase occurs in the respiratory and pulse rates of the subjects. 
a decrease in the volume of the tidal air.’* 
The effects produced by the combination of aerosols with other gaseous contaminants 
also will require investigation, and many field measurements will be needed to relate 
actual environmental conditions to those employed in the laboratory. 


These changes are also accompanied by 


The task of making suitable field measurements promises to be a very difficult 
one because, principally, of the inadequacy of the techniques which are used at 
present for special sampling and analysis during periods of adverse weather. The 
collection of these data will also be time-consuming and expensive, since it is neces- 
sary to cover the range of concentrations, and especially the peaks of the concentra- 
tions, of the various materials that occur in the atmosphere. The time of occurrence 
of such peaks is highly unpredictable, and therefore schedules, methods, and equip- 
ment for sampling must be devised so as not to miss these peaks and so as, in other 
respects, to provide representative samples. 

Some data dealing with the concentration of sulfate in aerosols in a number of 
American cities have been collected. According to these data, the sulfate content of 
the aerosols averaged 3.7% by weight. The concentrations in 146 samples ranged 
from 0.1 to approximately 19%. The samples had been collected for another purpose 
and, therefore, the data do not include the gaseous or total sulfate determinations 
which are needed to round out the findings. For this and other reasons, these results 
should be looked upon as preliminary in character and as partially illustrative of a 
situation which will have to be investigated further and along with the development 
of unfavorable meteorologic conditions. 

In summary, therefore, attempts to detect and measure the constituents of the 
atmosphere on a comprehensive scale are of rather recent origin. Although many 
data are available on certain air pollutants, procedures and equipment are lacking 
for collecting and analyzing these and many other pollutants during adverse weather 
conditions. Not even a tentative appraisal of the impact of air pollution upon com- 
munity health can be obtained solely through the determination of the qualitative 
and quantitative composition of the atmosphere of communities, but it is evident that 
no satisfactory understanding of the matter can be achieved without fairly compre- 
hensive information of this type. It seems necessary therefore that this, probably the 
simplest aspect of the general problem, should be investigated widely and inten- 
sively. 
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HE METALLIC carbonyls are usually regarded as highly toxic, requiring 

great care in handling. For example, 11 deaths from the inhalation of nickel 
carbonyl have been reported in the medical literature.* Iron carbonyl has also been 
reported as being extremely toxic to rabbits and guinea pigs by intravenous and 
oral administration.’ Similarly, Adkins and Krsek state that the cobalt carbonyls 
are “highly poisonous,’’* although no experimental details of the toxicity are given 
and no reference is cited by them. 

Cobalt forms two carbonyls and one carbonyl hydride, having the formulas 
Co2(CO)s, [Co(CO)s]4, and Co(CO),4H, respectively. The first of these com- 
pounds, dicobalt octacarbonyl, is an active catalyst for the preparation of aldehydes 
from olefins, hydrogen, and carbon monoxide.’ For this reaction, either a solid 
cobalt catalyst or a solution of dicobalt octacarbonyl may be employed. In either 
case, dicobalt octacarbony] is present in the reaction mixture, and cobalt tetracar- 
bonyl hydride may also be present. 

Cobalt tetracarbonyl hydride is a volatile material having an intolerable odor, 
readily detectable at low concentrations. It is unstable and decomposes rapidly into 
dicobalt octacarbonyl and hydrogen in reaction mixtures held at atmospheric press- 
ure and room temperature.® Tetracobalt dodecacarbonyl is not employed as a cata- 

- lyst and, insofar as we are aware, has not found industrial use. The present investi- 
gations were limited to toxicity studies on dicobalt octacarbonyl. 

The physicochemical properties of dicobalt octacarbonyl are summarized in the 
Table. The properties of tetracobalt dodecacarbonyl and cobalt tetracarbony] are 
also given for comparison.+ 

Armit '® studied the physiologic effects of the inhalation of dicobalt octacarbonyl 
soon after its discovery. This was accomplished by exposing rabbits to an air stream 
that had passed through a bed of solid dicobalt octacarbonyl. Assuming saturation 7 
of the air stream at room temperature, the animals were exposed to a concentration 
of dicobalt octacarbonyl of 100 ppm for a period of one hour. No symptoms from 
this exposure were observed. On the other hand, the exposure of rabbits to nickel 


From Rohm and Haas Company and Division of Metabolic Research, Jefferson Medical 
College. 


* References 1 and 2. 
+ References 6 to 9. 
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carbonyl in even lower concentrations has been reported to be lethal in a high per- 
centage of cases.1! At room temperature dicobalt octacarbonyl is more than a 
thousand times less volatile than nickel carbonyl and also appears to be intrinsically 
less toxic by inhalation. 


EXPERIMENTAL RESULTS 


Skin Absorption —tThe effect of the skin application of dicobalt octacarbonyl 
was studied in three guinea pigs. One milliliter of a 7% solution in methyl ethyl 
ketone was applied to the shaved abdomens over surface areas of approximately 
50 sq. cm. This dosage was applied daily, five times weekly, for a total of 18 appli- 
cations. Methyl ethyl ketone alone was applied io three control animals on the same 
schedule. 


No fatalities occurred in any of the experimental animals, and they all gained 
weight normally. After the sixth application, scabs and denuded areas formed at 
the sites of application. These lesions were healed by the time the 11th dose was 
applied, and no further lesions developed from subsequent applications. The appli- 
cation of methyl ethyl ketone produced no skin lesions on the control animals. 


Properties of the Cobalt Carbonyls 


Melting Deeomp. 


Compounds Density Point, C. Temp., ©. Vapor Pressure Color and State 
1.73 51 52 0.07 mm./15 C. Orange crystals 


The dosage of dicobalt octacarbonyl per application amounted to 150 mg. per 
kilogram of body weight. The total amount applied per animal was approximately 
1.3 gm. It is thus concluded that the application of a solution of dicobalt octacar- 
bonyl in methyl ethyl ketone to the skin of guinea pigs produces no obvious systemic 
reactions. 

Subcutaneous Injection —Ethanol was used as a solvent for the study of the 
toxicity of dicobalt octacarbonyl by subcutaneous injection, since initial experiments 
with methyl ethyl ketone showed that this solvent is highly toxic to rats by this 
route. A 5% alcoholic solution of dicobalt octacarbonyl was prepared and adminis- 
tered subcutaneously in rats in dosages up to 0.4 ml. per animal. The maximum 
dosage amounted to approximately 130 mg. of dicobalt octacarbonyl per kilogram 
of body weight. No deaths occurred in six animals studied, although ulcerations 
developed at the sites of injection. No ulcerations were observed in control animals 
receiving ethanol alone. 

Ingestion.—Dicobalt octacarbonyl is insoluble in water, dilute acids, and dilute 
alkalies. However, when warmed it is attacked by certain acids to give cobalt salts. 
As a consequence, the extent of decomposition during passage through the digestive 
tract cannot be estimated. In any event, the acute toxicity of soluble cobalt salts by 
ingestion is recognized as being low.’* 

Storage—Dicobalt octacarbonyl decomposes at an appreciable rate at room 
temperature in air to release carbon monoxide. The material should, therefore, be 
stored only in closed containers and in well-ventilated areas. 
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SUM MARY 


Values from the literature indicate that dicobalt octacarbony! is intrinsically 
less toxic by inhalation than nickel carbonyl. In addition, unlike nickel carbonyl, 
dicobalt octacarbonyl is a solid with a low vapor pressure. For these reasons it can 
be handled without taking the extreme precautions required for nickel carbonyl. 

ur own studies indicate that dicobalt octacarbonyl has a low level of toxicity 
when applied to the skin of guinea pigs or injected subcutaneously into rats. 

Cobalt tetracarbonyl hydride is a volatile material frequently found with dicobalt 
octacarbonyl. This material is of unknown toxicity, and therefore great care should 
be exercised when venting pressure vessels which may contain it. This compound 
has an offensive odor, which provides a warning of its presence. 

No studies of chronic toxicity of the cobalt carbonyls were undertaken by us. 


1025 Walnut St., Philadelphia 7 (Dr. Sunderman). 
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INHALATION TOXICOLOGY OF TETRANITROMETHANE 


HENRY J. HORN, M.D. 
FALLS CHURCH, VA, 


HIS STUDY was undertaken as a result of (1) increased commercial use of 

tetranitromethane and (2) inadequate inhalation toxicological data. The follow- 
ing article presents a review of the literature, the experimental design of the study, 
results and pathological findings. 


REVIEW OF THE LITERATURE * 

Tetranitromethane is a colorless, or faintly yellow, clear liquid at room tempera- 
ture and has the formula of C(NOz,),.4 It can be prepared by several methods. 
Most evidence points to a symmetrical arrangement of the four nitro groups, 
although one of these groups is readily lost in chemical reactions.§ It is insoluble 
in water but soluble in the usual organic solvents, as well as hydrocarbons. || 

Pure tetranitromethane is explosive and is more easily detonated than trinitroto- 
luene (TNT).{ It is, however, less dangerous to handle from the standpoint of 
temperatures and pressures formed during the explosion than an equal amount of 
TNT or nitroglycerin.# Although tetranitromethane alone is the weakest explosive 
of the three, when combined with hydrocarbons it becomes the strongest explosive 
of the group.* 

The great amount of energy which tetranitromethane is capable of contributing 
to hydrocarbon fuels can be safely utilized when small quantities are added.* This 
greatly increases the cetane number of diesel fuel." Recently a series of patents has 
been issued on the use of tetranitromethane with paraffins for explosive, propellant, 
and fuel purposes.+ 

Pure tetranitromethane does not attack glass, stainless steel, lead, or aluminum. 
It attacks iron, copper, polyvinyl chloride, tap grease, and mercury.§ It severely 
attacks brass, zine, rubber, and polyisobutylene.* 


From the Hazleton Laboratories. 

Material supplied by Aerojet Engineering Company, Azusa, Calif. 

* Summary of detailed literature search prepared by Nellie P. Watts, Ph.D., for Hazleton 
Laboratories. 

+ References 30 and 34. 

t References 4, 5, 8, 22, 31, 34, 48. 

§ References 15, 23-26, 33, 34, 36, 41. 

|| References 4, 17, 21, 24, 34, 42, 45. 

{ References 2, 8, 29, 30. 

# References 8 and 29. 

* References 2, 8, 23, 34, 35, 40, 43. 

+ References 9-13, 47. 

t References 8 and 30. 

§ References 8 and 30. 
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Pure tetranitromethane is a stable compound and can be distilled unchanged.|| 
It forms colored complexes with unsaturated hydrocarbons (aliphatic and aro- 
matic); this is an oxidation reaction and takes place at the double bond.{ This 
reaction forms the basis of a test for unsaturation.# Tetranitromethane is decom- 
posed by alkalies and acts as a nitrating agent with weak alkalies in the presence 
of alcohol or acetone.** Pyridine may be added to nonbasic compounds to facilitate 
this reaction.* Release of the nitro group is sometimes accompanied by an explosive 
reaction.t 

Although fibrinogen is stained more intensely by tetranitromethane than throm- 
bin is, the latter is readily inactivated, while the former is only feebly attacked.* 
Similarly, the diphtheria antibody is inactivated, while the toxin is interfered with 
only slightly and reversibly.® In this instance, the antibody is stained intensely, and 
the nitro compound cannot be removed from the antibody by benzene. 

The first reports of tetranitromethane toxicity were from the munitions industry, 
where it was encountered as a by-product in the manufacture of TNT.£ During 
World War I, Dr. Fischer? reported the death of seven persons who were handlers 
of TNT, and he attributed their deaths to the tetranitromethane contaminant. 
Koelsch *° reported three cases of intoxication, as well as the results of experiments 
with cats. From these observations he estimated that concentrations of 10 ppm 
and more of tetranitromethane were dangerous. Moore ** investigated the crude 
TNT manufactured in England and found it contained 0.12% tetranitromethane. 

Sievers and associates ** exposed laboratory animals to the fumes of crude TNT 
and measured the tetranitromethane concentration in the exposure chamber. The 
most prominent signs of toxicity were pulmonary edema and methemoglobinemia. 
These investigators suggested that safe concentration is less than 5 ppm. Although 
the chief toxic substance in crude TNT may be tetranitromethane, there were other 
reaction products present. 

Mayer and associates *’ reported that in mammals the nitro- and halogen-substi- 
tuted methanes caused death due to pulmonary edema after inhalation, while after 
injection, it killed by producing methemoglobin. Kiese '’ reported that following 
the intravenous injection to dogs, cats, and rats the signs of toxicity included edema 
of the lung and liver, central nervous system damage, methemoglobinemia, anemia, 
and weight loss. 

Hager * reported on the signs and symptoms encountered in workers who 
handled tetranitromethane. The sensitivity of the workers to tetranitromethane 
varied greatly. It was locally irritating to the eyes, nose, and respiratory tract. The 
initial poisoning was evidenced by salivation and later by inflammation of the nose 
and upper respiratory tract, followed by headache and dyspnea. Normally, contact 
with the skin did not cause inflammation, while the effect on eyes and respiratory 
tract disappeared soon after removal to fresh air. Chronic signs and symptoms con- 
sisted of headaches, weariness, sleepiness, bradycardia, methemoglobinemia, and 


|| References 30 and 34. 

{ References 14, 17, 18, 46. 
# References 3, 8, 16, 34. 
* References 34, 37, 38. 

+ References 32, 34, 47. 
t References 8 and 39. 
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INHALATION TOXICOLOGY OF TETRANITROMETHANE 
disturbance of internal respiration. After prolonged exposure, the central nervous 
system and heart were affected. Tetranitromethane was sometimes thought to have 
been the cause of anemia. 


EXPERIMENTAL DESIGN 


Method of Exposure-—Groups of 20 rats each were exposed to concentrations of 1230, 300, 
and 33 ppm in the acute exposures, while 2 dogs and 19 rats were exposed to a concentration 
of 6.35 ppm for a period of six months in the chronic exposures. Equal numbers of animals 
were housed in the same laboratory to serve as controls. The laboratory was temperature 
controlled to 25 C. + 1 C. The exposures were performed in a 500 liter stainless steel chamber 
with water-sealed lid and equipped at the inlet with suitable device for generation of the vapor 
of tetranitromethane and at the outlet with orifice flowmeter, filter, control valves, and exhaust 
pump. A constant rate of flow was maintained through the chamber during the exposures by 
means of the exhaust pump. This rate of flow could be observed and controlled with the orifice 
flowmeter and valves. A glass-wool filter was placed before the pump to protect it from 
foreign material. 

The inlet to the chamber opened inside a hood (for protection of the operating personnel) 
which housed the equipment for generating the vapor of tetranitromethane. In the acute 
exposures, this equipment consisted of a gas washing bottle containing the tetranitromethane; 
a constant flow of air was passed through the tetranitromethane, and the discharge containing a 
near-saturated vapor was mixed with the larger volume of room air being drawn into the inlet 
to the exposure chamber. In the chronic exposures, the vapor of tetranitromethane was generated 
by dropping the material slowly into a carburetor attached to the chamber inlet. The material 
was contained in a small syringe which was activated by a geared mechanism, driven by a 
synchronous motor, so that a constant rate of flow could be maintained. 

Determination of Concentration —The determination of the concentration was made by cali- 
brating the density of the compound at 240 m# (maximum absorption) with a Beckman Model 
DU spectrophotometer. Known quantities of the material were used to obtain a calibration in 
terms of milligrams per milliliter vs. density. Samples were then drawn from the chamber 
through two bubblers containing reagent grade methanol. The samples were not drawn until 
the equilibration of the chamber had reached at least 90%. The quantity of gas drawn from 
the chamber was metered with a Precision wet test meter. These samples were diluted and 
then placed in the spectrophotometer for determination of the density. From this density reading, 
the concentration could be determined by reference to the calibration curve. Blank values 
were determined by exposing 20 rats to laboratory air to determine the interference of the animal 
metabolites with this method; samples drawn from this exposure had no density at 240 mz. 
It was felt that the simplicity of this method warranted its use instead of the method of Vouk 


and Weber.‘# 
RESULTS 
Acute Inhalation Toxicity—Chart 1 presents the data plotted on logarithmic 
probability paper from which the E.T.59’s were determined to be 36.3 minutes, 60 
minutes, and 5.8 hours at concentrations of 1230, 300, and 33 ppm, respectively. 

At 1230 ppm, signs of toxicity developed rapidly. At first, this was evidenced 
by considerable preening; then respiration became rapid and deeper. After 15 
minutes of exposure, the rats kept their eyes closed and had deep gasping type of 
respiration. After 20 minutes, lacrimation and rhinorrhea were evident. After 25 
minutes, salivation was also noted. The animals appeared cyanotic just before death. 
It was possible to predict which animal was about to die by the sequence of events. 
Just prior to death the animal became excited, running wildly about the chamber 
as if trying to find an avenue of escape. This was followed immediately by a short 
tonic convulsion, coma, and death. 
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At 300 ppm, signs of toxicity were as noted in the previous experiment but 
developed somewhat more slowly. After 30 minutes, however, all the animals had 
dyspnea, salivation, rhinorrhea, and lacrimation. 

At 33 ppm, signs of toxicity developed more slowly than before. In about 10 
minutes, an excess of preening was noted, and some of the animals appeared to 
have conjunctival irritation, since they kept their eyes closed or nearly so. In about 
one hour there was dyspnea, as noted by an increase in the rate and depth of respira- 
tion. Lacrimation, rhinorrhea, and salivation were not prominent. The exposure 
was continued for a total of six and one-half hours, at which time 65% of the 


animals had died. The sequence of events before death was similar to that described 
above. 
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_ Chart 1.—Acute inhalation toxicity of tetra- Chart 2.—Chronic inhalation toxicity of 
nitromethane for rats. Cumulative deaths vs. tetranitromethane for rats. Cumulative deaths 
time from start of exposure. vs. time from start of experiment. Average 

concentration = 6.35 ppm. 


Chronic Inhalation Toxicity.—This exposure was conducted with 2 dogs and 
19 rats at an average concentration of 6.35 ppm for six months on a six-hours per 
day, five-days per week basis. 

The most significant sign of toxicity noted throughout the course of the experi- 
ment was the death of 11, or 57.9%, of the rats. Chart 2 presents the data plotted 
on logarithmic probability paper from which E.T.59 was determined to be 133 days 
(experimental time, not number of exposures). In comparison with this, there 
was only one death in the control group of rats. 


There was no mortality among 
the dogs. 


Other signs of toxicity throughout the course of the experiment were minimal. 
During the first and second days only, occasional coughing was observed in the dogs. 
However, upon being removed from the chamber at the termination of the day’s 
exposure, the animals appeared lethargic and unthrifty. Furthermore, they refused 
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to eat. The third and fourth days fell on a week end, and no exposures were con- 
ducted. By the following Monday morning, the dogs were found to have eaten well, 
and they did not have anorexia throughout the remainder of the experiment. 

From the sixth day on, there was a definite yellowish discoloration of the fur of 
all the animals, which persisted throughout the experiment. The only other signifi- 
cant findings were occasional blood-tinged exudate on the nares of the rats, a ques- 
tionable degree of lethargy in the rats, and no specific signs of toxicity in the dogs 


TABLE 1.—Routine Blood Studies Performed Throughout Course of Experiment on Dogs Exposed 
for Six Months to Vapor of Tetranitromethane 


Dogs Lettered C = Control; Dogs Lettered X Experimental 


Time Interval, Days 


Dog, - 
Study No. Start 22 40 62 79 106 128 138 16 174 Term, 
WBC CA 9,100 7800 16,300 9,300 8,000 12,300 14,900 14,700 6,200 8,600 9,400 

16,300 16,100 9.500 7,400 9.500 13,700 12,400 16,100 

22.900 15,800 14,500 14,200 11,400 9,900 16,400 7300 5,050 12,000 12,100 


x-2 11,300 23,800 18,000 20,000 13,700 8.300 12,950 12,900 5,050 8400 12,200 


RBC, millions Cl 5.56 6.25 7.25 6.25 6” 7.27 6.58 6.30 6.70 
5.60 6.68 6.57 6.99 9.27 6.13 5.00 7.00 

X-1 6.24 60 6.30 7M) 6.67 7.68 6.20 7.0 8.20 

xX-2 6.80 7m 3.9 5.62 54 7.30 7.26 9.20 7.00 7.50 


Sedimentation rate, 
mim./br. 


Hematocrit, % 


49 49 47 49 46 45 45 48 2 


1 46 
42 2 2 58 43 “4 46 
1 

2 32 


Hemoglobin, | M4 20.5 16.0 7.1 15.2 1646 42 15.8 16.0 
gm./100 ee, C2 13.4 Cares 17.7 ex 15.7 18.2 13.2 16.1 M5 17.2 16.5 
x1 162 16.9 19.7 a 15.3 16.0 11.8 15.9 164 173 16.4 
xX 16.9 11.8 14.1 rah 13.7 16.0 162 17.0 17.7 16.1 17.3 


At Termination 


Differential Distribution Schilling Count 
Poly., Lymph., Eosin., Mono., Juv., Band, Seg., 

Dog, No. % % % % % % t 

63 33 4 2 3 

C2 6 0 3 4 45 

X-1 23 2 1 2 71 

X-2 


3 3 


62 


other than those previously described. There was no significant weight change in 
the experimentals vs. the controls for all the animals (average weight for the rats). 

On the 36th day of the experiment, one of the experimental dogs gave birth to 
five puppies about midway in the exposure. Since it was not deemed desirable to 
remove the puppies from the mother, they were exposed on the 37th day. The fol- 
lowing two days fell on a week end, and no exposures were conducted. After this 
time the puppies were not exposed. It is noteworthy, however, that no signs of 
toxicity were observed in the puppies as a result of the one and one-half days’ 
exposure. These puppies proceeded to develop and grow normally while nursing 
from the mother, which was routinely exposed to tetranitromethane, During the 
nursing period this dog lost a small amount of weight, but after the puppies were 
weaned the dog tended to regain her normal weight. 
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Hematology.—Routine blood studies were performed on dogs throughout the 
course of the experiment and are presented in Table 1. It will be seen that there 
was no significant alteration in these values. Repeated studies for Heinz bodies 
and methemoglobin were negative. 


TABLE 2.—Blood Chemistry Values Determined Throughout Course of Experiment 
on Dogs Exposed for Six Months to V apor of Tetranitromethane 


“Day” Is from Start of Experiment. Dogs lettered C= Control; Dogs Lettered X = Experimental 


Blood Urea Blood Plasma Plasma Blood 5 
Dog, Nitrogen, Sugar, Chloride, COs, Teterie BSP, Vol., 
Day No. Mg./100 Ce. Mg./100 Ce. Mg./100Ce. Vol. % Index* %Hr.% MI. 
42 bitte 0 
C2 0 
44 O-1 16.1 =< 0 
C-2 16.1 <1 0 
X-1 12.5 <1 2 
X-2 13.5 0 
51 Cl 
C2 805 
X-1 404 
X-2 461 
97 ©-1 22.7 744 632 
C-2 17.2 710 64 
X-1 13.7 70.0 641 
X-2 21.3 67.0 653 
106 C-1 20.0 110.0 0 
C-2 16.5 91.5 nee 0 
X-1 15.7 100.7 0 
X-2 22.8 90.3 0 
138 12.8 100.0 8.1 
C-2 13.2 88.0 2.4 
X-1 11.3 84.0 61 
X-2 19.4 78.0 6.5 
13.5 88.0 
C2 13.5 93.0 
X-1 158 109.0 
X-2 16.5 oe 
174 12.8 129.0 8.4 
C-2 16.5 112.0 41 
X-1 15.3 105.0 cove 11.4 
X-2 16.7 104.0 5.3 
Term. «1 16.5 99.0 647 59.1 4.5 369 
C-2 16.2 4.0 629 62.5 2.8 - 606 
14.1 103.0 641 61.1 5.9 632 
X-2 16.1 95.0 633 57.7 76 513 


* Some of the plasmas used for determination of ieterie indices were slightly hemolyzed, which would 4 Z 
tend to increase their value. 


Biochemistry.—Routine biochemistry studies and urine analyses were done on 
the dogs, and the results are presented in Tables 2 and 3. These include blood urea > 4 
nitrogen, icteric index, blood sugar, plasma chloride, and plasma CO2-combining 
power. In addition to this, a van den Bergh test was performed on the 156th day 
of the experiment and was found to be negative on all the dogs. Sulfobromophthalein 
(Bromsulphalein) sodium excretion (BSP) and blood volume determinations were 
made at various intervals throughout the course of the experiment. BSP deter- 
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minations were performed by administering a dose of 5 mg. per kilogram to each 
dog. Blood samples were then drawn one-half hour later and the per cent retention 
of BSP compared with standards. Blood volumes were determined by injecting 
1 ml. of Evans’s blue dye and drawing blood 10 minutes later. Results of all these 
biochemical studies were within normal limits. 


Gross Pathology.—In the three acute studies, the gross appearance of the organs 
was similar, regardless of the concentration. The external appearance of the animal 
was significant in that there was considerable yellowish exudate around the nose and 
mouth. When the thorax was opened, no pleural effusion was noted, but the lungs 

. were observed to remain distended and had many dark red, hemorrhagic-appearing 
areas. On cut section the lung was a homogeneous dark red color, and a remark- 


TaBLe 3.—Urine Analyses Throughout Course of Experiment for Dogs Exposed 
for Six Months to Vapor of Tetranitromethane 


“Day” Is from Start of Experiment. Dogs lettered C Control; Dogs Lettered X = Experimental 


Dog, Specifle Occult Urobi- 
Day No. Appearance Reaction Gravity Protein Sugar Blood linogen Microscopie 
97 Cl Green, Strongly 1.060+- +44 Neg. Trace Normal Dense amorph. sediment.; 
cloudy alkaline occasional WBC; phos- 
phate crystals 
C-2 Greenish Strongly 1.044 + Neg $e Normal Dense amorph. sediment.; 
straw, alkaline oceasional WBC 
turbid 
X-2 Greenish Alkaline 1.040 Trace Neg Trace Normal Amorph. sediment. 
straw, 
hazy 
138 C-1 Greenish Alkaline 1.046 44 Neg. Neg. . Debris 
straw, 
turbid 
0-2 Yellow, Strongly 1.080 Neg. Neg. Trace Normal Debris; phosphate erys- 
cloudy alkaline tals; round squamous 
epithelial cells 
X-1 Watery, Slightly « Neg. Neg. Trace S Debris 
cloudy, alkaline 
slightly 
green 
X-2 Greenish Slightly 1,036 Neg. Neg. Neg. ® Debris; few yeast cells; 
straw, acid round epithelial cells 
hazy 


* Quantity not sufficient. 


able amount of frothy fluid was expressed. The kidney, spleen, and liver were not 
remarkable, but the gastrointestinal tract was hyperemic throughout. 
In the chronic experiment, the outstanding gross sign of pathology was noted 

in the lungs of those rats which died during the course of the experiment. In gen- 
. eral, these organs were a dark red on external surface and on cut section. The 
lungs remained distended, and in most cases edema could be demonstrated. In one 

of the animals, a bilateral purulent empyema was observed. It would appear from 

° the gross findings in those animals which died during the course of the experiment 
that the cause of death was an overwhelming pneumonia. Since the number of 

deaths occurring in the control group was limited to one, it appears that tetranitro- 

methane produced lung irritation followed by secondary overwhelming bacterial or 

virus pneumonia. In two or three of the rats which died during the course of the 

experiment, the intestine was observed to be hyperemic and in some areas question- 
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ably gangrenous. It was devoid of food and in some instances seemed to be wrapped 
around itself, somewhat resembling a volvulus. It was the impression that this was 
secondary to the lung pathology and was not primarily responsible for the death 
of the animal. 

At the termination of the experiment, the surviving animals were killed and the 
gross appearance of the various organs observed. In the rats, significant pathology 
was observed in the lungs, which were a dark red on external surface and on cut 
section. The lungs remained distended, and a considerable amount of edema fluid 
and blood could be expressed from most of them, The remaining organs appeared 
to be within normal limits. The control rats, also killed at the termination of the 
experiment, were within normal limits. 

The experimental and control dogs were also killed and the gross appearance 
of all the organs in all the dogs was within normal limits. 

Microscopic Pathology.§—Sections were made of lung, liver, kidney, heart, 
spleen, and gastrointestinal tract. In the acute exposures, the changes seen in the 
various organs were similar at the different concentrations. The pathological find- 
ings were essentially confined to the lungs where marked evidence of the local irri- 
tating properties of tetranitromethane was observed. These changes consisted of 
destruction of the epithelial cells, marked vascular congestion, formation of pulmon- 
ary edema, and compensatory emphysema. The changes seen in the other tissues 
consisted of marked vascular congestion; this picture was also seen in normal con- 
trols but not to as severe a degree and apparently was a result of terminal stasis. 
However, the marked vascular congestion seen in these sections was probably due in 
part to tetranitromethane. 

In the chronic study, the microscopic sections of the rats were indicative of an 
overwhelming pneumonia. There was bronchial constriction, mucosal degeneration, 
purulent bronchitis, interstitial hemorrhage, severe congestion, pulmonary edema, 
and pneumonitis. The changes in the other organs, consisting of slight degenerative 
changes in the liver and kidney, plus vascular congestion throughout all organs, 
were probabiy secondary to the marked lung pathology. The pathological findings 
in the lungs of those rats which survived the chronic exposures were not impressive 
but were unquestionably severer than the findings in the controls. The microscopic 
sections of both experimental and control dogs were not remarkable 


SUMMARY 


The literature on the toxicology of tetranitromethane is reviewed. lour inhala- 
tion studies are described, three acute and one chronic. The E.T.s»’s for rats were 
found to be 36.3 minutes, 60 minutes, 5.8 hours, and 133 days at concentrations of 

230, 300, 33, and 6.35 ppm. respectively. Two dogs were also exposed at the 6.35 
ppm level but showed no significant signs of toxicity throughout the experimental 
period of six months. The pathological findings at all levels are presented. 


§ Summary of the detailed microscopic pathology prepared by V. J. Dardin, M.D. 
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SICKNESS ABSENTEE RATE IN YOUNGER AND OLDER WORKERS 
IN A SMALL MANUFACTURING PLANT 


GUY H. FISK, M.D. 
MONTREAL, CANADA 


MONG many supervisory employees at the present time there is a feeling that 

the older employee is more reliable and loses less time from illness than the 
younger one. In fact, one of the managers of the plant suggested that the time loss 
oi the younger employees for minor sicknesses far exceeds that of any of the older 
employees. This attitude of mind is the result of publicity in the press and of recent 
articles concerning the older workers in which their reliability is stressed. In order 
to determine the facts of the matter, a careful check of the plant workers was made 
for the three years, 1951 to 1953, inclusive. The results of this survey form the 
basis of the following observations, 

The line of distinction between the older and the younger worker was made at 
40 years of age. This is a time honored level which has the advantage of general 
acceptance. A man (or woman) over 40 years of age may be assumed to have a 
permanent job which he does efficiently, without too great stress or strain, and 
which he does not want to lose. He has also by that time associated himself with 
the company in his own mind and generally feels great loyalty toward it. Another 
advantage of the 40-year differentiation is that most studies use this age and hence 
provide figures which can be compared with ours. One of the most recent studies 
was the Eastman Kodak Company survey.' Therefore, in all that follows the term 
“older worker” applies to one who is over 40 years of age, and the term “younger 
worker” to the person below 40 years. 

The total number of employees covered by the survey varied from 179 to 189 
during the three years under review. The male employees were 52% of the total, 
and the female employees comprised the remaining 48%. In ages they ran from the 
newly hired junior of 18 years to the retiring worker of 65 years, with a fairly even 
distribution throughout the various age groups. The plant is a light manufacturing 
one, the bulk of the jobs being for semiskilled machine operators. The work varied 
from heavy manual labor to high-speed skilled machine operation. There is an ade- 
quate sickness insurance scheme, together with additional benefits, when required, 
in cases of severe misfortune. All employees are also covered by the Quebec Work- 
men’s Compensation Act. The employee returns to work when his own physician 
considers him fit for work and is then checked by the plant medical department 
before being allocated either to his old job or to a new one suited to any handicaps 
he may have developed as a result of his sickness or injury. Where requested, tem- 
porary or part-time work is provided if possible. ‘To avoid complicating the above 


From the Medical Department, Charles E. Frosst & Company. 


1. Crain, R. B.: Management of the Older Employee with Medical Problems, A. M. A. 
Arch. Indust. Hyg 5:71-81 (Jan.) 1952. 
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Table, such cases have been considered as returned to. work. In no case did part-time 
work last more than two weeks. Absenteeism, apart from sickness, has been care- 
fully screened out. Absenteeism of this type is considered the responsibility of the 
personnel department. In all cases off work due to illness or injury, a diagnosis 
satisfactory to the plant medical department is required. The labor turnover is small, 
many persons having been in their present jobs for 15 or 20 years. The employees 
are all hourly paid workers. 

Krom the Table it is readily seen that workers over 40 years of age, both male 
and female, are off twice as much as those under 40 years. The totals are just under 
three days lost per annum due to sickness for men under 40 years of age, and just 
over seven days for men over 40 years. This is more than double the time loss for 
the older group than the younger. For women under 40 years of age there are just 
over 51% days lost per annum due to sickness, and for women over 40 years of age 
just over 10 days per annum. This refutes the present day optimists who state that 
“life begins at 40.” In both cases the over-40 workers lost twice as many days for 
illness as those under 40. In many cases the illness is of the chronic type in the older 
worker, such as heart disease, cancer, psychosis, arthritis, and arteriosclerosis. As 


Days Absent from Sickness 


Year Average 
—————--—, for Three 
1953 Years 
Male employees under 40 yr. of age 3.5 2 3.2 2.9 
Male employees over 40 yr. of age.... 7.6 5. 8.5 7.2 


Female employees under 40 yr. of age f Af 6.6 5.6 
Female employees over 40 yr. of age i . ) 10.2 


a result, after returning to work, this person is often partly incapacitated, being 
unable to continue his (or her) work owing to its laboriousness or else being able to 
do so for only part of a day. Special concessions and reallocation to lighter work 
must be provided. While clerical workers are easily shuffled about, the laborers are 
more difficult to move, as they do not easily learn new work after 40. The reduced 
income that goes with the simple work also causes mental problems, such as anxiety 
neuroses. 

It is of interest to note that the age difference applies both to men and to women. 
Married and single workers showed the same changes. There were no greater time 
losses due to sickness in married women than in the unmarried. 

Women also lost just about double the time that men did in both age groups. 
Although the company is in the drug and chemical business, no cases of poisoning, 
acute or chronic, were seen. 

In considering these figures, one is driven to the realization that the observations 
of past centuries which have led to the establishment of retiring ages for older 
workers still have validity today. Even the difference in retirement ages for men and 
women is shown to have value. 

These facts are well known to the practicing physician, for his work today con- 
sists mainly of treating middle-aged or older patients. Very few patients, relatively, 
in the 20 to 40 age group are seen. It is also the basis on which health-insurance 
schemes are founded in order to be actuarially sound. 


224 


is, 
. 
. 


COMPARISON OF SICKNESS ABSENTEE RATE 


In conclusion, I therefore feel that a great deal of harm is being done by the 
propagandists for the over-40 group. Management expects these workers to be as 
active and as healthy as the younger workers and is often perturbed by the long and 
severe illnesses that they develop. There ‘s a tendency to question the time 
requested by the patient’s physician for sick leave on this account. It is necessary 
for us as physicians to point out that, while the older worker may be more reliable 
and steady and even more loyal than the younger worker, he is not on that account 
exempt from the inexorable ravages of time and chronic illness. He (or she) will 
definitely require more sick leave than the younger man or woman. When he returns 
to work, the problem of placement very frequently has to be considered, with all its 
attendant difficulties as to both plant operation and employee morale. Retraining is 
often a slow, tedious process in an older person, especially if there is some chronic 
dlisease process present. 

SUMMARY 

This paper presents the differential in absentee rate in a small plant. It is shown 
that older employees, both men and women, require double the sick leave of younger 
employees and that women require twice as much leave as men. 

Montreal General Hospital. 


Miss F. Hollingworth, R. N., Plant Nurse, assisted in preparing this paper. 
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EXPERIMENTAL ADMINISTRATION OF ETHYLENEDIAMINE-TETRAACETIC 
ACID IN PLUTONIUM POISONING 


HARRY FOREMAN, M.D. 
LOS ALAMOS, N. M. 


PHILIP A. FUQUA, M.D. 
AND 
WILLIAM D. NORWOOD, M.D. 
RICHLAND, WASH. 


Y WAY of introduction I should like to say a few words about the propriety of 
B presenting a talk on such an obscure subject as “plutonium poisoning” to a 
group of practical physicians as this. First of all, historically speaking (if one can 
speak of events of four or five years ago as history), interest in ethylenediamine- 
tetraacetic acid (EDTA) as a means for removing heavy metals from the body first 
arose in conjunction with studies on radioactive materials, such as plutonium, etc. 
At that time, stimulated by the increasingly widespread use of radioactive materials, 
an intensive research program was undertaken to find means to alleviate the harm- 
ful effects of internally deposited radioelements. EDTA, as an agent for internal 
decontamination, was developed as part of that program. Since then, as you have 
heard this afternoon, EDTA has found application in other types of heavy-metal 
poisoning. A presentation of the application of the drug in radioactive poisoning 
is therefore well included in any program on EDTA. Secondly, it is highly probable 
that radioactive materials, such as plutonium, will find increasing use in industry 
as time goes by, and therefore it well behooves industrial physicians to start to 
become acquainted with the potential health hazards associated with these materials 
and the possible means for coping with these hazards. 

Of the 600 odd radioactive isotopes (or more properly, radionuclides) that are 
known, there are only about a dozen or so that are produced and used in sufficiently 
large quantities and have sufficiently long half-lives to constitute serious potential 
health hazards. Of this group, there are a few that are particularly dangerous and 
insidious and to which research efforts for a therapeutic regimen are especially 
directed. These are the so-called “bone-seekers” : radium, plutonium, and the radio- 
active isotopes of strontium, calcium, and barium and some of the rare earths. On 
entry into the body, these materials rapidly become fixed in the skeleton and are 
eliminated at very slow rates. When long-lived isotopes, such as Pu?*® and Ra®**, 

Mr. W. Moss, of H-5 group at Los Alamos, and Mr. R. L. Watters, of the Radiological 
Sciences Department at Richland, performed the many and complicated urine Pu assays. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 
103rd Annual Meeting of the American Medical Association, San Francisco, June 22, 1954. 

This work was done under the auspices of the Atomic Energy Commission at the Los Alamos 
Scientific Laboratory of the University of California and at the Kadlec Hospital, General Electric 
Company, Hanford Atomic Products Operation. 
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are involved, the body is subjected to uninterrupted irradiation for the remainder of 
its lifetime. Because the irradiation persists for such long periods and is selectively 
directed at a particularily radiosensitive area, i. e., the region of the bone marrow, 
it takes only exceedingly small amounts, microgram quantities, in the body to pro- 
duce injury. The type of injury resulting, as we have learned from animal studies 
and from well-documented case records on persons bearing body burdens of radium 
and mesothorium, is particularly disabling and discomforting, i. e., osteitis, bone 
necrosis, pathological fractures, osteogenic sarcoma as well as hemapoietic damage." 

Of the radioactive “bone-seekers” which may find use in industry in large quan- 
tities in the future, Pu is a most likely one because of its value as a prime fuel in 
nuclear-energy power plants. Fortunately, owing to well-conceived medical and 
industrial hygiene practices and perhaps fortuitous circumstances, there have never 
been any serious plutonium cases in the United States, as far as we know, so that 
almost all our information on internally deposited plutonium has been obtained from 
animals.” 

The metabolic fate of plutonium depends upon a number of factors—the route 
of entry (oral, parenteral, or inhalation), chemical and physical state at the time it 
is introduced into the body, and to a certain extent the animal species involved. 
However, without going into details a few general statements can be made to give a 
brief orientation about the behavior of the material in the body. 

Plutonium is very poorly absorbed from the gastrointestinal tract; only from 
0.005 to 0.01% of an orally administered dose enters the systemic circulation. This 
is as compared with 20 to 25% of a radium dose administered similarily. On the 
other hand, once Pu is in the body, it is by far and large retained indefinitely— 
i. e., 85 to 90% of an intravenously injected dose is retained. Only 20 to 40% of an 
injected radium dose remains in the body for any length of time.’ The hazard from 
Pu then is not so much from material taken by mouth, that is, unless relatively large 
amounts are swallowed, but from inhalation of Pu-laden dust or spray and from 
Pu-contaminated puncture wounds. Experiments in rats have indicated that over 
90% of an intramuscularly injected dose of Pu citrate (a relatively soluble form) is 
still present at the injection site by 24 hours and 60% by the end of 10 days.* If 
this obtains in humans, it would indicate that débridement would be fruitful even at 
late time periods. Brues has pointed out that 1 y of plutonium left in the subcu- 
taneous tissues of a rat was sufficient to result in fibrosarcoma.® 

About 60% of a dose of Pu that finds its way into the body ends up in the skel- 
eton. Plutonium in the skeleton settles down in the trabecular endosteal and peri- 
osteal regions.* Radium distributes largely throughout the cortex. Nevertheléss, 
as indicated above, pathological changes produced by each are essentially the same, 
qualitatively. From the consideration of radiant energy delivered per unit weight, 
one might expect plutonium to be 1/50 as toxic as radium. Plutonium is an alpha 
emitter, with a half-life of 24,000 years, as compared with Ra, with a half-life of 
1,600 years, which in equilibrium with its daughter products has mixed alpha, beta, 
and gamma radiation. However, experimental findings indicate Pu is more toxic 
than one might predict, and the tolerance dose set for Pu is only 5 times instead 
of 50 times greater than for radium, on a weight basis—i. e., 0.5 y for Pu and 
0. 1 y for radium. The tolerance dose is considered the best estimate (with a con- 
siderable safety factor) for dose which will produce no harm during the lifetime of 
the affected person. 
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The problem of therapy of plutonium poisoning, aside from débridement of soft 
tissue deposits and palliative measures for relief symptoms, is one of hastening the 
elimination of Pu from the body. In a few days Pu becomes well fixed in the skel- 
eton. [xcept for this early time period, therapy must be directed at removing |’u 
from bone. At present there are two methods which show promise—Schubert’s 
zirconium citrate procedure * and the EDTA procedure, the subject of this talk. 

The principle involved in the EDTA procedure has already been indicated. 
EDTA mobilizes heavy metals from the body by virtue of its ability to form stable 
water-soluble chelates with these metals, which then are rapidly excreted via the 
kidney. EDTA combines with many metals, including ones essential to the body, 
in particular, calcium. Injected quickly intravenously, it can lower serum calcium so 


rapidly as to produce death in hypocalcemic tetany. In order to prevent depletion of 
body calcium, EDTA is introduced into the body fully combined with calcium, 
namely, as the calcium chelate. The material still functions in mobilizing such metals 
as Pb and Pu because of its preferential avidity toward these materials as compared 
with calcium. Calcium is displaced from combination with EDTA by Pb and Pu 
and the material excreted as Pb or Pu chelate. Ca'* is excreted independently. 

Ca EDTA is a relatively nontoxic drug. Metabolic studies using C'*-labeled 
material indicates that it passes through the body unchanged.’ It is excreted via the 
kidney by both glomerular filtration and tubular excretion. The turnover time from 
the blood is approximately one hour after intravenous administration and one and 
one-half hours after intramuscular injection. It quickly mixes with almost all the 
body water, except that it does not pass into the red cells, and passes relatively 
slowly into the spinal fluid compartment. It is poorly absorbed from the gastro- 
intestinal tract. 

Our experience with the drug for removal of Pu from humans has been limited 
to two cases. Neither had a large enough body burden to produce injury, but each 
excreted sufficient Pu in his urine to serve as a subject for testing the efficacy of the 
drug in removing the material from the body. 

Case 1.—During the course of the work of a 40-year-old female technician who does 
routine chemical operations with low-level Pu solutions at Los Alamos a flask containing 
Pu( NOs). in 1 M HNOs broke, and she received a 2 cm. laceration across the base of her 
left thumb from a jagged piece of contaminated glass. First-aid treatment consisted of cleansing 
the wound area with soap and water and stopping the profuse bleeding with a couple of sutures 
and a small pressure dressing. Counts over the surface of her hand varied from 500 to 1,000 cm. 
per minute of alpha contamination. From that time on urine samples were saved for Pu assay. 
Figure 1 shows the results of urine assays. After repeated sampling had ruled out the possibility 
that urine counts were not coming from her hands or clothing and that Pu had really entered 
the body as a result of the accident, a trial of the drug was started. The wound area was first 
débrided to eliminate the possibility of a dangerously large subcutaneous or intramuscular 
deposit slowing feeding Pu into the system. Actually the débrided material yielded only 
1,700 ¢./m., a minuscule quantity. The patient was given 2.5 gm. of Ca EDTA in 250 cc. of 
saline slowly by I.\V. drip twice daily at the times indicated in Figure 1. She was hospitalized the 
first day but thereafter received her treatment in the first-aid room on a come-and-go basis. 

As can be seen from Figure 1, the treatment produced a striking increase in Pu 
excretion, particularly on the first day, a rise from a pretreatment level of 12 dis- 
integrations per minute (d. p.m.) to 1,300 d. p.m. The treatment apparently is less 
effective as time goes on, although it is difficult to judge the extent of this, because 
the normal excretion rate (excretion without treatment), as indicated by the con- 
tinuous curve outlined on the lower portion of the Figure, is also dropping with time, 
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It is interesting to note the striking initial drop in excretion when the treatment is 
stopped and then a slower leveling off to the base line. It is estimated from the 
excretion curve that the patient had a body burden of 25,000 to 30,000 d. p.m. 
originally and that 20 to 25% of this was removed in the 16 days of treatment. Had 
the drug been started within a few hours after the accident, when the Pu was still 
largely in the blood stream or soft tissues, it is likely that the amount removed would 
have been considerably more. 

The other case represents the situation where the Pu was firmly fixed in the 
body. 

Case 2.—The patient was a male chemist who was 25 years old at the time of his exposure, 
namely, 7 years before the trial of the drug. It is presumed that his exposure came about 


from inhalation of vapor spray during neutralization and oxidation of Pu-containing solutions. 
It is estimated from his urinary excretion that his body burden is 1.2 ¥. He has never 
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Fig. 1—Results of urine Pu assays following administration of Ca EDTA in Case 1. 


had any signs or symptoms indicative of injury from the Pu. The trial was carried out purely 
as a test for the efficacy of the drug in chronic Pu poisoning. He was given the material intra- 
venously in saline by slow I.V. drip. The dosage schedule and results are indicated in Figure 2. 


Here, as might be expected, the increases in excretion are not nearly as spectac- 
ular as in the early treatment case. There was an over-all average increase of about 
tenfold over pretreatment levels during the five days of trial. It would be interesting 
to see whether the drug continued to be effective when given daily over a prolonged 
period, since it is apparent from the results that in chronic Pu poisoning it will 
require months, if not years, of treatment to deplete the body of its Pu store. This 
is not a particularly desirable situation, but it is a preferable alternative to damaging 
Pu poisoning, just as prolonged insulin injections are preferable to serious diabetes. 
Fortunately, there have never been any serious cases of chronic Pu poisoning in the 
United States, as far as we know, and if acute exposures are treated as soon after 
the accident as possible it is probable that we may never have to face the chronic 
problem. 

In animal experiments where it is possible to analyze tissues, it was found that 
the skeleton as well as the soft tissues are depleted of Pu by the treatment. The data 
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presented in Figure 3 represent a situation similar to Case 2—ndmely, when treat- 
ment was started after Pu was long fixed in the skeleton. In the animal experiment, 
treatment was started one month after the Pu had been injected intravenously. The 
test animals were injected intravenously daily for one month. At the end of that 
time their skeletons had one-third less Pu than the control animals. 
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Fig. 2.—Results of urine Pu assays following administration of Ca EDTA in Case 2. 
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Fig. 3.—Distribution of Pu in rats following late administration of Ca EDTA. 


It is well to point out here that from a consideration of stability constants it 
can be seen that EDTA will not affect the Sr or Ra content of the body. The avidity 
of EDTA is greater for Ca than it is for Ra and Sr, and hence when injected into 
the body the drug will deplete the Ca content before it noticeably affects the Ra 
or Sr content. 
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ADMINISTRATION OF EDTA IN PLUTONIUM POISONING 


In summary, one can say that Ca EDTA accelerates the excretion of Pu by 
humans, particularly when given shortly after the metal has entered the body. It 
offers promise in a situation which previously had been considered hopeless with 
respect to therapy. 
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BERYLLIOSIS 


A Real But Preventable Industrial Disease 


H. S. VAN ORDSTRAND, M.D. 
CLEVELAND 


HOSE of us most interested in the beryllium problem as a disease entity have 

gained the impression that there is skepticism among some that the problem 
exists or ever has existed. This impression may be false. However, I have been 
asked to present this address to emphasize the reality of berylliosis where safeguards 
are not employed. For the physician who has taken care of patients having bery!lli- 
osis, there can be no doubt that it has had a very real existence. At the same time, 
however, | wish to take this opportunity to submit additional facts from my own 
and my colleagues’ further experience. These include the low incidence of the condi- 
tion, further evidence pointing to its being a disease of hypersensitivity, continued 
encouragement from the results with steroid therapy, and, most important, that it is 
preventable. 

| observed my first patient with beryllium disease (an instance of acute lung 
involvement ) in 1941 and with co-authors published the initial report in the American 
literature in 1943. We recognized then that it had been observed by several physi- 
clans in Europe and reported in the foreign literature, the first report being in 1933. 
My present comments are, as always, those shared in our publications of the joint 
experiences of my local co-workers, Drs. DeNardi, Curtis, Zielinski, Hughes, and 
Carmody. From the beginning the utmost cooperation has been obtained from 
industry, employees, and our Ohio State Industrial Hygiene and Industrial Commis- 
sion facilities. There are now many hundreds of reports in the medical literature to 
attest to the reality of berylliosis, 

In the past 13 years, my colleagues and | have seen from nearby and distant 
sources 490 patients with medical problems related to beryllium. In this group of 
problems have been included all the types incurred, acute and chronic, dermal and 
respiratory. The majority have been of the less serious types. The group has 
included 98 instances of the acute pneumonitis (acute pulmonary berylliosis) and 48 
of the chronic lung disease (chronic pulmonary berylliosis ). 

The finding of beryllium in the analysis of the urine or lung tissue of a patient 
is only evidence of present or past exposure to beryllium and not, of itself, diagnostic 

From the Department of Pulmonary Disease, The Cleveland Clinic Foundation, and The 
Frank FE. Bunts Educational Institute. 

Read before the Section on Preventive and Industrial Medicine. and Public Health at the 
103rd Annual Meeting of the American Medical Association, San Francisco, June 22, 1954. 
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of berylliosis. Dr. Zielinski, who is medical director for the largest beryllium pro- 
ducer in the state of Ohio, found beryliium in each of 1,000 urine specimens taken 
from healthy, present and former, beryllium workers, and we have found beryllium 
in the lungs of persons who have died of other causes and in normal lungs up to nine 
years after the last exposure. Particularly in the serious, the chronic, forms of the 
disease, we have found the presence of positive skin-test hypersensitivity to beryllium 
compounds to be the most important diagnostic tool in the suspected case. In a con- 
trolled series of cases which have included lung biopsies and the Kveim test (for 
sarcoid), we have as yet had neither a false positive nor a false negative patch skin 
test. This experience has particularly led us to believe, as do Sterner and Eisenbud, 
that berylliosis is an allergic disease, a problem of individual hypersensitivity. 

Our own experience, as that generally, has shown that steroid therapy exerts 
a strong repressive influence on berylliosis. Since instituting it in our progressive-type 
cases four years ago, we have had no death. Prior to that, the mortality rate was 
35% and was climbing. 

We suspect that some of the skepticism as to the reality of the disease may relate 
to methods of case-finding survey. In our experience, the periodic examination, 
including chest roentgenograms of the active workers, has been practically useless 
in the detection of cases, especially those of the chronic form of the disease. In fact, 
semiannual x-rays of all employees of Dr. Zielinski’s company since 1943 have failed 
to find a single case, although 11 chronic cases have developed from this employment. 
Interestingly enough, in each instance these 11 workers were employed less than 
four months. The failure of case finding in surveys of active workers is quite under- 
standable when the peculiar latency of the disease (up to 11 years) and the low 
incidence of it to total employment are considered. In our experience the positive 
case-finding results are obtained chiefly by the follow-up on former employees, by 
the study of the perimeter (nonoccupational exposures ), and especially by the coop- 
eration of all physicians, both locally and through reporting to a beryllium case 
registry, such as has been founded by Dr. Hardy. Chronic berylliosis shows no 
pathologic similarity to any other recognized occupational disease, and to those of 


us who are also trained in the field of pulmonary disease it is a most distinct clinical 
syndrome. 


As in all diseases in man, the keynote is prevention, and we are convinced from 
our experience in Ohio that the medical problem of beryllium is now being prevented. 
This is being accomplished by the obtainment of safety levels, as recommended by 
Kisenbud’s advisory committee of the United States Atomic Energy Commission in 
1949 ; these levels are as follows: (1) in-plant atmospheric concentration of beryllium 
not to exceed 2 y per cubic meter as an average concentration throughout an eight- 
hour day; (2) no exposure to a concentration greater than 25 y per cubic meter for 
any period of time, however short, and (3) no excess of 0.01 y per cubic meter in 
average monthly concentration in neighborhood of plant. This industrial hygiene 
has been most effective and has reduced the incidence by the ratio of 31 to 1 over the 
years prior to 1949 in the plant of the large beryllium producer mentioned, even 
though the comparable man-hour employment in the past five years has more than 


doubled. The few cases that have occurred since this control program was established 
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have in each instance been mild and with complete recovery obtained; they have 
been accounted for through man or equipment failure. The hygiene has been 
accomplished with ventilation of the standard type, both general and on specific 
equipment, which may be found in any industrial establishment interested in dust, 
vapor, and fume controls. Any corrosion problem, such as from HF, is modified by 
wet-scrubbing units interjected between the source and the central ventilation ducts. 
All employees are thoroughly indoctrinated in the reasons for and details of the 
program on employment; they take showers before leaving work, and their work 
clothing never leaves the plant sites. Before leaving the discussion of prevention, I 
believe it is of interest and importance to state that we are informed that the recovery 
of otherwise lost beryllium has paid for the cost of the installation and maintenance of 
the above safeguards. 


In summary, in this short address I have presented facts of a joint experience on 


the problem of berylliosis, with particular emphasis on its being a real but preventable 
industrial disease. 
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MEDICAL SERVICE PROGRAM OF THE SIDNEY HILLMAN HEALTH CENTER 
OF NEW YORK 


MORRIS BRAND, M.D. 
NEW YORK 


N THE absence of legislative action which would make available the full potential 
I medical resources to all people of this nation, Labor is taking those steps it deems 
necessary to achieve better health protection for its members. As an example is the 
Sidney Hillman Health Center of New York. The presentation of the program and 
experience for the first three years of operation will demonstrate that, although home 
and hospital services are not provided, the Center has already proved to be of incal- 
culable value to the participants. The establishment of this facility does not in any 
way compromise the expectations of the union leaders that either through expansion 
of their own programs or through future legislative action complete medical care will 
become a reality. 

HISTORY AND BACKGROUND OF THE CENTER 

About 40,000 members of the 26 union locals which compose the New York 
Joint Board of the Amalgamated Clothing Workers of America, CIO, have been 
covered since 1944 by a self-insured nation-wide program for life insurance, mater- 
nity leave benefits, hospitalization, surgical indemnity, disability benefits, and retire- 
ment coverage. 

The union leaders were aware that poor health contributed greatly to a worker's 
insecurity. With small savings and resources bounded by the weekly pay envelope, 
an incapacitated worker is constantly threatened by additional debts to meet doctors’ 
bills and other medical expenses. With this as a framework, the New York Joint 
Board established a Center for medical care which the members would regard as 
their own, where modern medical services would be provided and where they would 
be treated with the humanitarian understanding so necessary for the sick and dis- 
abled. 

The Sidney Hillman Health Center was organized as a membership nonstock, 
nonprofit corporation under a special legislative act in 1949 “to establish and main- 
tain a health center where medical care, surgical care, optical and dental examinations 
would be furnished, all through duly licensed physicians” to employees covered by the 
collective bargaining agreements between the New York Joint Board of the ACWA 
and the manufacturers. The New York State Board of Social Welfare subsequently 
approved the establishment and maintenance of the Center. A six-story building 
with 36,000 sq. ft. of space, located on East 16th Street in Manhattan, the center of 
the men’s and boys’ garment industry, was purchased in 1949, Extensive alterations 


Medical Director, Sidney Hillman Health Center. 


Presented in part at the Medical Care Section, American Public Health Association Annual 
Conference, Cleveland, Oct. 24, 1952. 
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have made four of the six floors into a modern medical center, where services are 
provided in a spacious, colorful, well-lighted, and unhurried atmosphere. ’ The 
arrangements of small waiting spaces and individual examining rooms permit the 
maintenance of personal physician-patient relationship and the atmosphere of 4 pri- 
vate medical group practice unit. The dignity of the patient is deemed as important 
as the high quality of care provided. ; 


In addition to the examining rooms and treatment rooms, there are special suites 
for minor surgery, electrocardiography, radiology, cardiology, otolaryngology, physi- 
cal medicine, and ophthalmology, a clinical laboratory, a pharmacy, and a medical 
records room. 


Recently, in order to meet the needs of members and their wives, it was necessary 
to occupy the vacant fifth floor, add a diagnostic roentgenographic unit, expand the 
facilities in physical medicine, enlarge the pharmacy, add a room for injections by 
nurses, enlarge the offices of the radiography department and the medical records 
space, and add several examining rooms. 


The vacant sixth floor in the Center is available for future expansion, possibly 
for members’ children. : 

Membership.—Members of the New York Joint Board become eligible for ‘serv- 
ice when a majority in their union local votes in favor of enrollment. The enrol}ment 
for the first year of operation was 33,356. For each of the second and third Vears, 
33,000 members enrolled. Since March, 1952, the wives of the enrolled union inem- 
bers were given the privilege of voluntarily enrolling in the Center on the same basis 
as their husbands. The difference between the union's and the Center’s membership 
is due to the fact that a large number of union members who reside in New Jersey 
could not, because of the distance, enroll and make effective use of the Center.’ 

Each member is assessed $10 for the year, which entitles him to unlimited physi- 
cians’ services in the Center in accordance with medical need. Prior to April, 1953, 
in addition to the above annual fee, each patient also paid nominal fees for diagnostic 
and therapeutic radiological procedures, laboratory procedures (except for the ini- 
tial screening laboratory examinations), treatments in physical medicine, and all 
medication issued by the Center’s pharmacy. Since April 1, 1953, the employers 
have been contributing 0.25% of wages. This permitted the elimination of the extra 
charges, except for prescribed medication taken home. 

It is interesting to note that in the first and second years 78 and 60%, respec- 
tively, of the enrolled wives used the services—indeed an adverse selection, partic- 
ularly when compared to the utilization of about 30% by the union membership. 
This higher utilization again demonstrated the medical needs of a nonworking 
member of the family. The Board of Directors knew that this adverse selection 
would affect operating costs, but they placed the value of needed medical services 
above the costs. 

Governing and Administrative Organization.—The Corporation is composed of 
21 members, 15 from the New York Joint Board and 6 from the several manufac- 
turers’ organizations. 


The Board of Directors of 21 members is elected by the Corporation. The 
Board elects an Executive Committee of nine, which includes representatives from 
the union and industry. The Board is responsible for the general management of 
the affairs and business of the Corporation. 
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The Center is administered by a medical director and a business manager, both 
employed by the Board of Directors and jointly responsible to the Board for the 
administration of the Center. 

Medical Advisory Council.—The Council consists of nine physicians, six physi- 
cians not on the Center’s staff, plus the medical director and two staff physicians. 
The Council is empowered in the bylaws to promulgate standards, rules, and regu- 


| Jan-| APR-| | OCT- sam-| aPa-| OCT- 
jum | Sep | | war | uum | SEP | mar | yum | SEP | 
195! 1952 1953 1964 


Monthly patient registration by union members and wives April 16, 1951, to March 31, 1954. 


lations relating to the professional and technical services for the eligible members, 


to review physicians’ qualifications, to recommend to the Board physicians for staff 


appointments, to hear and determine disputes between the Corporation, a patient, 


or a physician with respect to professional and technical matters, and to make 
appropriate recommendations to the Board of Directors. 

A Joint Conference Committee includes the members of the Executive Commit- 
tee, three members of the Medical Advisory Council, the medical director, and two 
staff physicians. This Committee was established as a forum to discuss medical 
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matters affecting such interests of the Corporation as are deemed appropriate and 
as required in the bylaws. The recommendations of this Committee are referred 
to the Board of Directors for appropriate action. 


Members Served.—In the three years the Center has served 18,246 union; mem- 
bers and 1,486 wives of union members. 


In the first year 10,090 union members registered; in the second year, 4,358; 


and in the third year, 3,799. This pattern is in keeping with the usual experiences 


of all health plans when medical services are made available to newly etrolled 
groups. 


In the third year, in addition to the 4,722 new members (union members and 
wives), 7,278 members who had been registered in the Center in previous: years 
returned for further care, thus making a total of 12,000 members treated. 

The mass demand for services in the first few months of operation is dramatically 
demonstrated in the Chart. The accumulated illnesses, coupled with the desire for 


TABLE 1.—Age and Sex Distribution of New Members Registered in the Sidney 
Hillman Health Center 
April 16, 1953-April 14, 1954 


Union Members Wives of Percentage 
OF Union Registered by Age 
Male Female Members Members Groups 


23 16 3 42 
243 199 46 
467 270 lll 
397 377 180 
591 409 
191 
6 


1,459 
(0%) (31%) 


67% 


complete medical check-ups regardless of the presence or absence of symptoms, 
made the first few months hectic, but fortunately not chaotic. Even this might. have 
been avoided if the enrollment had been staggered, but the union leaders di‘l not 
consider this expedient or feasible. The demand was enhanced also by the untortu- 
nate closure of almost all the industry's shops early in May, 1951, thus permitting 
the workers to use their free time to seek much needed medical care. ; 

It is interesting to note that the peaks in new registrants occur in the months of 
February, March, April, and May. This may be accounted for by the fact’ that 
union members are made aware by their officers that the new membership year will 
start in April and the local will be asked to vote again for affiliation with the Center. 
This serves as a reminder to those members who have not used the plan that the 
Center’s service is available. 

Age and Sex Distribution —A study of the 4,722 members who enrolled in the 


Center in the third year revealed that 2,339 were men and 2,383 were women. Of 
the latter, 924 were members’ wives. 


A breakdown by age reveals that the male and female union members above the 
age of 40 years had an equal distribution of 67%, but 83% of the wives were’ over 
40 (Table 1). The over-all percentage of persons over 40 years was 71%. This 
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is lower than the 76.5% figure obtained in an earlier sample study. This shift can 
be accounted for by the rise of admissions of the younger group, that is, between 
21 and 40 years, and the inevitable decrease in the older age group. 

It is evident that the Center’s experience is strongly weighted by the preponder- 
ance of older members. 
SCOPE OF SERVICES IN THE CENTER 


The following clinical services are provided: 


Allergy Peripheral-vascular diseases 
Cardiology Physical medicine and rehabilitation 
Chest diseases Proctology 

Dermatology Psychiatry (diagnosis only) 

Diabetes Social hygiene (Medical “L”) 
Gastroenterology Radiology 

General medicine Diagnostic 

General surgery including minor surgery Deep therapy 


Gynecology Superficial therapy 


Internal medicine Urology 

Neurology Clinical laboratory 
Neurosurgery Basal metabolism 
Ophthalmology Chemistry 
Orthopedics Electrocardiography 
Otolaryngology Hematology 


The Center does not provide psychiatric treatment, dental care, and treatment 
for injuries and illnesses covered by workmen's compensation insurance. 

Each member is entitled to a periodic examination, which includes a history, 
physical examination, a serological test for syphilis, urinalysis, photofluorogram of 
the chest, and a hemoglobin determination. To the extent practicable, these screen- 
ing procedures are performed prior to or at the first visit to the Center. For patients 
who refuse to undergo a complete examination at their first visit, the results of the 
above laboratory tests are used as a lever to have them return for complete histories 
and physical examinations. Although it would be desirable to have each patient 
undergo a complete examination at the first visit, it was found that many patients 
have refused to do so because of their fears, lack of time, and refusal to lose time 
from work. It has been the policy, therefore, to permit these patients to be treated 
for their immediate symptoms and to have the physicians request appointments for 
complete examinations at the return visits. It is expected that as the union members 
develop faith in their organization by multiple exposures, learn of its value to their 
colleagues treated at the Center, and are exposed to proper educational material 
many more will voluntarily seek the periodic medical inventory even in the absence 
of symptoms. 

Services Provided.—Table 2 presents the number of services provided by general 
physicians and specialists for each of the three years and the number of physicians’ 
and specialists’ hours required for each area of service. The slight but upward trend 
in specialists’ services may be a result of the continuing treatment by specialists of 
patients with chronic illnesses, e. g., diabetes, cardiovascular diseases, arthritides, 
etc. A study of histories will be made in order to learn the role the general physician 
should have in the service pattern of a medical center, to what extent referrals 
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TaBLeé 2.—Keport of Medical and Related Services Rendered in the Sidney 
Hillman Health Center fe 
1951- 1954 


April 16, 1951- April 1, 1962- April 1,:1953- 
March 31,1952 March 31,1953 March 3:, 1954 


Internal medicine .................... 574 

Medical “L" (antisyphilitie) 298 

Physical medicine 2,025 2,769 

Roentgen therapy 47 

1,457 1,627 4 


* Includes health examinations: 3,800 from 4/15/51 to 3/31/52; 1,309 from 4/1/52 to 3/31/53; 1,25 from 
4/1/53 to 3/31/54. : 
+ Totals include consultations, tests and injections, surgical procedures, casts, minor surgery. 


t Totals include consultations, treatments, refractions, visual flelds, and minor surgery. 
$ Totals include consultations only. Began May 3, 1951. , 


| Totals include consultations only. Began Oct. 15, 1951 

© Totals include consultations, cystoscopies, and retrograde pyelograms. 
April 16,1951- April 1,1952- April 1, 19538- 
March 31,1952. Mareh 31,1953 March 1954 


II. Diagnostic procedures 48,988 52,817 72,999 
B. Laboratory 4 
Chemistries, urinalyses, hematological studies, ete. 34,080 39,105 
$. Physical therapy and rehabilitation................. 10,888 13,128 21,137 
X-ray therapy A 


VI. Services by nonstaff physicians 466 + 1,012 
A. Abstracts and reports mailed at patients’ request.. 311 iis) 
B. Report of consultations and diagnostie procedures ‘ 
requested by nonstaff 155 448 68° 


3S Includes disability examinations performed in Center, electrocardiography readings, services of ridiolo- 
gist (diagnosis and therapy), pathologist, and chiefs of clinic. 

+ Records kept beginning April, 1953. 

2 Audiograms performed beginning April, 1953. 


April 16, 1951- April 1,1952- April 1, 1953- . 
March 31,1952 March 31,1953 March 31, 1954 
A. 1,732 3,504 4,466 
C¢, Consultation with staff physicians................... 1,822 3,683 4,256 
D. Consultations, unseheduled and emergencies........ 971 2,267 2,686 
E. Injections 135 508 
F. Prescription renewals ........... 75 1,481 2,554 


t Records kept beginning Sept. 1, 1951. 
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were necessary or unnecessary, and the extent to which specialists rather than 
general physicians should continue the medical supervision of patients with long- 
term illnesses. 

A study was made to show the relative increase in demands for various services 
after April 1, 1953, when the special charges were removed for x-ray examinations, 
laboratory procedures, and physical therapy treatments. The figures in Table 3 
are a vivid demonstration of the fact that fees, no matter how nominal, can prove 
deterrents to persons in need of medical services. Note that in the second year 


there was a 13% increase in the demand for physicians’ services, 13% in the x-ray 
department, 7% in the laboratory, and 22% in physical and x-ray treatments. The 
removal of extra charges increased the demand in the third year above that of the 
second year by 28% for physicians’ services, 50% for x-ray procedures, 36% for 
laboratory procedures, and 61% for physical and x-ray treatments. The over-all 
increase in the second year above the first was 12%, and for the third year above 


the second it was 35%. (Of the latter, close to 60% was due to an increase in the 


demand in all areas other than for physicians’ services. 


TABLE 3.—Study of the Increased Demand for Services in the Second and Third Years 


Increase Increase 


First Second Over First Third Over Second 
Year Year Year Year * Year 
59,956 67,546 13% G8 28% 
Laboratory procedures 44,487 47,731 7% 64,049 
Physieal therapy and x-ray therapy........ 11,066 13,487 22% 21,677 61% 


133,850 


12% Isl 349 


Note: 


Percentages next to service figure indicate increases above the services for preceding years. 
* Nominal fees for x-ray and laboratory procedures and physical therapy removed as of April 1, 1953. 


Diagnostic Procedures and sIncillary Services—Vable 2 lists the number of 
diagnostic procedures, injections by nurses, and other services rendered by the 
technical and professional personnel. 

Pharmacy.—The pharmacy located on the premises is operated by the Center. 
It provides at a very nominal cost medications prescribed only by the staff physi- 
cians. Only those medications are available in the pharmacy as are approved by a 
Committee on Drugs, which includes the three chiefs of clinic (all internists), the 
pharmacist, and the medical director. The Committee considers all requests for 
additions to the formularly and may delete products which it considers of limited 
therapeutic value. 


The drug formulary contains ahout 250 items. U.S. P. preparations are used 


almost exclusively. As a result of this policy there are hardly any inactive items 
on the shelves, a major consideration in keeping down the costs of prescriptions. 
Further reductions in costs are realized by large-quantity purchasing and by keep- 
ing actual compounding down to a minimum. To the extent possible, all medications 
are prepared and packaged in advance of need. 

The 97,043 prescriptions issued in the three years were filled at 


an average cost 
to the member of about $0.91 per prescription. 


241 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


MEDICAL STAFF 


Appointments to the staff are made by the medical director only after the-appli- 
cant’s record of training and experience is approved by the Medical Advisory Coun- 
cil as being in accordance with minimum professional requirements adopted ! by the 
Council and accepted by the Board of Directors. 

Selection from the list of approved physicians is made in accordance with the 
physician’s availability and as it relates to the Center’s needs. 


QUALIFICATIONS AND FUNCTIONS OF GENERAL PHYSICIANS 
A general physician shall provide evidence that he or she 
A. (1) Has completed a general rotating internship for a period of at least one year in a 
hospital approved for a rotating internship by the American Medical Association. 
(2) Has a staff appointment in the in- or out-patient department of a voluntary or 
municipal hospital approved by the American College of Surgeons. 


Or 
B. If not qualified in accordance with “A” above, equivalent qualifications will be 
evaluated on an individual basis. 
Ge Functions: The policy of the SHHC shall permit every member entitled to service 


to have a personal general physician. The personal physician shall have general 
supervision of the health of those subscribers who select him, conduct periodic 
health examinations, arrange for consultations with specialists and for laboratory 
services when necessary, coordinate the findings of consultants and laboratories, 
and interpret them to the patients. 


QUALIFICATIONS AND FUNCTIONS OF SPECIALISTS 
Each specialist shall provide evidence that he or she 

A. (1) Holds a certificate issued by the Examining Board in the medical specialty, and 
(2) Has an in- or out-patient staff appointment in the same specialty in a municipal 
or voluntary hospital approved by the American Medical Association for resident 

training in the specialty. 

Or 

B. Holds an appointment as an attending physician or associate attending physician, 
or assistant attending physician (or equivalent rank) on the staff of a hospital 
approved by the American Medical Association for resident training in that 


specialty, 
Or 
CG. If not qualified in accordance with “A” or “B” above, equivalent qualifications will 
be evaluated on an individual basis. : 
D. Functions: Specialists shall render only those services to members of the SHHC 


for which they are qualified by training and experience. If the patient is not in 
need of continued therapy by the specialist, the patient should be sonnnee ‘to the 
general physician. 


It is expected that each physician will maintain an active interest in the progress 
of medical science by attending approved postgraduate courses, clinical rounds and 
conferences at approved hospitals, and scientific meetings. 

Each physician must be a member in good standing of a medical society y and 
is required to carry malpractice insurance (in the amounts of $25,000, ‘$50,000 
minimum ). 

As of the end of March, 1954, there were 18 nonspecialists and 56 specialists 
actively engaged on the staff. 
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The physicians are assigned to clinic sessions of two or three hours each; the 
number of sessions depends on the demand for services and each physician's 
availability. For example, the syphilologist has two sessions of two hours each 
per month, and the ophthalmologists hold about 18 two-hour and_ three-hour 
sessions per month. The physicians’ hours range from 4 to 80 per month. Because 
the demand for services has also been influenced strongly by vacation periods and 
periods of unemployment, the clinical sessions have not been sufficiently stable to 
permit the establishment of a schedule for more than three months in advance. The 
proved need for flexibility in the session arrangements and the practical necessity 
of keeping costs to a minimum have also made it difficult to consider the employ- 
ment of full-time physicians or guarantee definite retainers to the staff. When the 
program is sufficiently stabilized and experience indicates a definite pattern of weekly 
or monthly utilization, recommendations for tenure will be made. 

Of the 74 physicians on the staff, 44 were appointed within the first three 
months the Center was opened. 

The staff has provided 57,187 hours of service in the three years—28,835 hours 
by the general physicians and 28,352 hours by the specialists, or 50.4 and 49.6%, 
respectively. The gradual increase in the ratio of specialists’ hours was more pro- 
nounced in the third year, when the percentage of general physicians’ hours dropped 
to 48% and the specialists’ hours rose to 52%. 

The rate of payment was increased on Jan. 1, 1954, from $5.00 and $7.50 per 
hour to $5.75 and $7.75 for the general physicians and the specialists, respectively. 


Quality of Medical Care-—One of the most important responsibilities of a 
medical program is to develop and maintain a high quality of medical service. In 
order to be certain that the members obtain good medical care, the medical director 
appointed three internists as chiefs of clinic, each responsible for a specific clinic 
session. The clinic chief’s functions include availability to the staff physicians for 
immediate short conferences on problems of diagnosis and treatment, availability 
for emergency consultations, occasional substitution for a general physician who 
finds it impossible to attend the Center, and performance of minor administrative 
tasks. One clinic chief is assigned to review a sampling of the medical charts from 
the previous day in order to evaluate the services rendered. Similarly, the activities 
of physicians newly added to the staff are reviewed, and the medical director dis- 
cusses the findings with the new physicians. There is sufficient evidence to indicate 
that the clinic chiefs fulfill a most useful function in maintaining a high quality of 
service. From Sept. 1, 1951, through March 31, 1954, close to 50,000 services were 
rendered by the clinic chiefs. These included the review of charts, conferences with 
physicians, and urgent consultations. None of these was included in the service 
figures above (Table 2). 

Relations with Local Medical Societies and Nonstaff Physicians.—Shortly after 
the Center was opened, a Subcommittee of the Committee on Medical Economics of 
the Medical Society of the County of New York inspected the Center and reviewed 
the principles, professional standards, and administrative procedures. No comment 
has ever been made. Subsequently, the editors of each of the bulletins of the medical 
societies in the five counties of New York City and of Nassau and Westchester 
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counties were asked to publish a letter. This letter described the Sidney Hillman 
Health Center program and informed the physicians that the Center was willing to 
provide consultations and diagnostic procedures for its eligible members, after which 
reports would be mailed as soon as the procedures were completed. 


Physicians not affiliated with the Center who are called upon to serve union 
members in their homes or offices and hospitals learn in the usual fashion that the 
Center is willing to assist them in various ways. 

Services requested by nenstaff physicians have shown an increase as compared 
with previous years. These include x-ray and laboratory procedures, consultations 
with specialists, and reports of services previously rendered by the Center’s sfaff. 

However, in order to avoid unnecessary and excessive use of the Center's serv- 
ices, the medical director has been authorized by the Medical Advisory Cotincil to 
use his considered judgment in granting approvals. Thus on occasion it has been 
found necessary to inform a member presenting a long list of requests that approval 
or disapproval will depend upon an examination performed by a Center physician. 

Nonmedical Staff—As of April 1, 1954, the 60 persons on the Center’s staff 
were assigned as follows: 

Administration; 1 medical director, 1 business manager, 2 secretaries 

Nurses: 7 registered nurses and 1 nurse's aide 

Pharmacy: 3 pharmacists and 1 cashier 

Radiology: 3 technicians, 1 darkroom technician, 1 medical secretary 

Laboratory: 4 technicians and 2 glass washers 

Physical Therapy: 2 registered therapists and 1 aide 

Medical Records: 1 supervisor librarian, 7 clerks, 1 medical stenographer 

Social Service: 1 counselor, 1 secretary 


General Clerical: 1 receptionist, 1 registrar, 1 switchboard operator, 1 bookkeeper, 2 stock- 
clerk-messengers, 2 appointment clerks, 3 station clerks, 4 clerk-typists 


Maintenance: 1 superintendent-engineer, 3 porters 


Selection of each staff member was based on training, experience, adaptability, 
pleasant personality, and his understanding that kindness and consideration of the 
patient will go a long way in acquiring and maintaining faith and confidence in the 
Center. 

The staff is kept fully informed of the Center’s activities by regular supervisors’ 
and staff meetings. 

AUXILIARY SERVICES 

Health Education.—The health education program carried out during the year 
includes the periodic publication of a special Health Bulletin. This Builetin is 
distributed in the shops and at the Health Center. 

According to officers of the union and according to the interest in the Bulletin 
exhibited by members of the Center, the Bulletin is well read and serves a need for 
the membership. 

The Health Education Committee is composed of the union’s trade managers, 
the medical director, the business manager, and three Medical Advisory Council 
members. 
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The program includes health talks at union meetings and, where possible, in 
shops and factories, a distribution of health literature, and the use of posters on 
health questions. To date, health talks have been given to the members of several 
union locals. From all indications the presentations were well received, with the 
membership indicating a considerable interest in health questions. 

At each of the meetings, a period of questions and discussions revealed a strong 
spontaneous support of the Center by the members. It is planned to continue this 
program on a year-round basis. 


It is hoped that through a better understanding of the Center’s functions, plus 
the reassurance that the Center is always available for both preventive and cura- 
tive services, the members will learn to use the Center to better advantage. 

Social Medical Service-—As an outgrowth of the follow-up service which has 
been in operation since November, 1952, it was found necessary to expand the 
services to include a social medical service counselor. 

The functions of the department are as follows: 

1. To offer counseling and advice as related to medical and health needs. 
Wherever continued social case work is indicated, such as in long-term hospitaliza- 
tion and in financial and psychological adjustments, this department will refer the 
patient to community agencies. 


2. To assist the patient in planning for immediate hospitalization when recom- 
mended by our medical staff. 

3. To arrange for convalescent care and for Visiting Nurse Service in the home. 

4. To follow up patients 

(a) when delinquent in the clinic where further observation or treatment is necessary 

(b) where screening or any laboratory test or x-rays show abnormal findings 

(c) when periodic check-up is necessary, such as patients with glaucoma, cataract, 
peripheral-vascular disease, tuberculosis, and syphilis 

5. To contribute in developing a more positive attitude towards health by 
making members aware of the services offered in the Center in order to promote 
optimum health. 

Research Program.—Unique in the history of Labor-Management medical serv- 
ice programs is the inclusion of a research program. The Center's Board of Direc- 
tors appointed a Research Advisory Council and allocated $250,000 from its initial 
capital funds, to which has been added $50,000 by the Sidney Hillman Foundation. 

The first project, now in progress, has been to determine the possible relationship 
of ethnic background and dietary habits to the development of arteriosclerosis. To 
date 1,500 examinations of a selected sampling have been performed. 

A preliminary report of some of the early findings was presented to the annual 
meeting of the American Society for the Study of Arteriosclerosis in Chicago last 
November and was the subject of an article in the New York Times. An article 
from the department was published in the American Heart Journal in July, 1953. 
The research laboratory perfected a new method of blood analysis, which was 
reported at the meeting of the American Society for Clinical Investigation in Atlan- 
tic City in May, 1954. Further work along these lines is progressing in the labora- 
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tory and is expected to yield additional important results during the coming year. 
A special siudy related to the diagnosis of arteriosclerosis by x-ray has been carried 
out and was to be reported at the meeting of the American Heart Association in 
: Chicago in April, 1954. It is expected that a large amount of information will be 


available for analysis by the beginning of 1955 and will be ready to be reported 
during that year. 


Also, the research division has been cooperating with a group of physicians 
studying blood pressure levels, with the expectation that the normals for various 
age groups will be adjusted upwards. 

Integration with Surgical and Hospital Indemnity Plan of the Amalgamated 
Insurance 'und.—The Amalgamated members are entitled to indemnification for 
hospitalization costs and surgical fees from their nation-wide Amalgamated Insur- 
ance Company. The physicians on the Center’s staff have accepted the Amalgamated 
surgical fees as their total fees for the operations performed for the Center’s mem- 
bers. This, in effect, has converted the indemnity benefits to service benefits. 
Furthermore, the medical director has already reached an agreement with adminis- 
trative officers of several hospitals that they accept the patient’s assignments for the 
hospitalization indemnities, with the understanding that the costs of the hospital 
services beyond the indemnities remain each patient’s responsibility. This arrange- 
ment is particularly useful in those instances where hospitals request advance pay- 
ment to cover the first 10 days of hospital care. The assignment of hospital benefits 
requires the patients to pay only the small difference, and as a result the members 
can become private patients of the staff physicians selected. The member who finds 
it impossible to pay the difference is given every possible assistance with a medical 
abstract for admission to a local hospital as a service case. 

Patients who have been advised by staff physicians that hospitalization is required 
are referred to the Social Medical Service Department, clinic chief, or medical 
director. They are advised as to their benefits, the possible additional costs, and 
their right to choose either a staff physician or any other nonstaff physician to per- 
form the operation. Their decisions are recorded in the charts. 

For Future Consideration.—Since the Health Center was constructed to provide 
the members with medical services to meet the major share of their unmet medical 
needs, it is important to raise the sights as soon as it is practical and feasible to 
higher goals. 

The most important additional service the Center must soon give serious con- 
sideration to is that of psychotherapy. Treatment of the neuroses undoubtedly 
would decrease the large number of visits to the Center for bodily complaints which 
do not have any organic basis. Since the members cannot evaluate their symptoms, 
these visits should not be considered as abuses. The symptoms are as real to the 
patients as are symptoms to those with pneumonia, heart disease, tumors, etc. J 
Improvement of their mental status would benefit not only the patients but also their 
families, their working colleagues, their employers, and the community. 

Another service the Center should consider at the appropriate time is that of 
multiphasic screening laboratory tests. 


Again at an appropriate time a study should be made to determine to what extent 
it may be feasible to develop and integrate the in-plant industrial medical services 
with those of the Center, without infringing upon the workmen’s compensation laws. 
246 


2 
= 
= 


MEDICAL SERVICE PROGRAM OF SIDNEY HILLMAN HEALTH CENTER 


COMMENT 


The statistics in this report must not only be thought of in terms of dollar value, 
or their magnitude, but also in terms of each individual receiving the services. 
Statistics cannot convey the members’ feelings of relief and assurance that medical 
services are dispensed in accordance with their needs rather than their ability to 
pay and that they are free to discuss their medical and related socioeconomic prob- 
lems with their physicians and the Center’s personnel. The figures do not reveal 
the number of instances where examinations revealed unsuspected medical condi- 
tions and where early diagnosis made possible early treatment. Numbers also can- 
not mirror the joy and relief of many who were assured that their ailments were 
temporary and not of a serious nature. 

It should be evident from the volume and variety of services rendered that, even 
with its limited medical service program, the Sidney Hillman Health Center has 


already played an indispensable and invaluable role in the lives of those Amalgamated 
members who have made use of the Center's facilities. 


SUMMARY 


A medical service program sponsored by Labor and Management is described. 
The experiences and statistics of the first three years of operation demonstrate that 
the Center has proved of incalculable value to the union members. 


Sidney Hillman Health Center, 16 E. 16th St., New York 3. 
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Scientific Exhibits 


REHABILITATION OF SPINAL 
CORD INJURIES 


W. SCOTT ALLAN 
BOSTON 


HIS EXHIBIT is designed to show the practicability of a complete, coordin- 

ated, and specialized rehabilitation program for spinal cord injuries resulting 
from industrial accidents and illustrates the manner of injury, the resultant pathol- 
ogy, and the practical means to rehabilitation in two selected cases. The program 
and the methods described are typical of those planned and carried out on a series of 
workmen's compensation cases from all sections of the country, under the guidance 
of Dr. Donald Munro at the Boston City Hospital, utilizing the facilities of the 
neurosurgical ward of that hospital and of the Rehabilitation Center in Boston. 


ACCIDENTS 


A series of drawings, transparencies, and photomural cutouts deseribe the acci- 
dent, hospital care, rehabilitation therapy, and associated counseling in two selected 
cases of multiple injury, including spinal cord damage. Through the medium of 
these case histories and the facts and statistics of a general nature, the effectiveness 
of a specialized, coordinated program of rehabilitation is demonstrated. 
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MAT EXERCISES MUSCLE COORDINATION 
*atient: Mr. P. O. Aged 26. 
Admitted: Burbank Hospital at Fitchburg on Sept. 2, 1950. 
History: Multiple fractures from an 80-foot fall. Arrived in shock. 

Two months at Boston City Hospital for bladder surgery, remedial exercise, 
and preliminary instruction in ambulation, Four months at Rehabilitation Center, 
with physical therapy designed to develop strength and coordination, gait training, 
and shop work to prepare for later work activity. One year at Bulova Watch School 
on Long Island for training as watchmaker and engraver—now ready to establish 
his own business in this field. Rehabilitation nurse counseling throughout program 


to overcome personal problems and keep patient busy and interested in his future 
opportunities. 


This patient is once more active because of the prompt cooperation of the plastic 
and the neurological surgeons and the Rehabilitation Program. 


WATCH MAKING SCHOOL 
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DEVELOPMENT OF BALANCE ASCENT OF STAIRS 
atient: Mrs. G. B. Aged 35. 
Admitted: Eastern Maine Hospital at Bangor on Dec. 11, 1946. 


History: Multiple fractures from an elevator accident. Arrived in severe surgical 
shock. 

Thirteen months at Boston City Hospital for laminectomy and relief of cord 
pressure, bladder training, treatment of decubitus ulcers, and bed exercise. Ten 
months at Rehabilitation Center, with special attention to remedial exercise and 
ambulation training. One hundred twenty-five hours of training in typing and 
secretarial work. Returned to work for former enaployer as office typist and has 
continued to date. 

The basis of these drawings was from tracings of actual x-rays and from clinical 
reports of the patient. 
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REHABILITATION OF SPINAL CORD INJURIES 


REQUISITES FOR ADEQUATE MEDICAL CARE AND REHABILITATION 


1. Special hospital wards or services for spinal cord injuries 


. Exploratory and reconstructive surgery by neurological surgeons experienced in handling 
of spinal cord injuries 

3. Complete program for retraining of paralyzed bladder and bowels 

4. Competent, special nursing and attendant care 

5. Trained personnel and suitable facilities for proper diet and physical therapy 

6. Counseling of patient and family in difficulties to be met and mastered 

7. A rehabilitation center equipped to handle ambulation training 


8. Vocational testing and guidance preparatory to selective job placement 


ANTICIPATED RESULTS OF SUCH CARE 
1. Shortening of hospitalization period 
. Reduction of complications to a minimum 
3. Increase in life expectancy 
4. Lessening of permanent physical disability 
5. Elimination of special nursing or attendant care 
6. Restoration of self-care and responsible social existence 
7. Substantial increase in work opportunity and ability 


8. Reduction in the cost of disability 


RESULTS FROM PROGRAM IN JUSTIFICATION OF THE EXPENSE OF SPECIALIZED CARE 


Cases on which rehabilitation has been undertaken............ = eae 
Cases on which rehabilitation has been completed................. ¢ 35 
Cases in which hospitalization or special nursing care 


Cases in which patient has returned to work or is engaged 


STATISTICS ON THIRTY-FIVE CASES REHABILITATED 


Total estimated compensation cost if not rehabilitated.................. $ 820,407 
Total estimated medical cost if not 
Total estimated saving in compensation cost by rehabilitation... ... 47,400 
Total estimated saving in medical cost by rehabilitation................. 1,688,800 
Rehabilitation cost ....... 


The author is Supervisor of Medical Service, Liberty Mutual Insurance Company and 
Liberty Mutual Fire Insurance Company. 


The materials in this article were shown as a scientific exhibit of the Section on Physical 


Medicine and Rehabilitation at the 103rd Annual Meeting of the American Medical Association, 
San Francisco, June 21-25, 1954. 
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Correspondence 


SILICONE PROTECTIVE CREAMS: A CLINICAL STUDY 


To the Editor—This is written in protest against the conclusions presented by Morris 
(A. M. A. Arcu. Inpust. HycG. 9:194, 1954) in his study of silicone protective creams. A 
discussion of the Morris paper is contained in the following paragraphs. 


It is not surprising that Dr. Morris obtained the results he did using the orthodox patch tests. 
Smith, Day, and Zimmerman (Smith, C. C.; Day, T. L., and Zimmerman, E. H.: Studies of a 
Nitrocellulose Silicone Cream as a Skin Protectant Against Eczematogenous Contact Allergens, 
J. Invest. Dermat, 21:111, 1953) conducted similar tests on a group of 21 subjects using a 
silicone protective cream. Little or no protection was demonstrated. In fact, a few patients 
exhibited greater response on the silicone-coated area than on an unprotected site. Madsen 
(Madsen, A.: Patch Tests on Skin Prepared with Kerodex [Invisible Glove], Acta dermat.- 


venereol, 32:213, 1952) also observed much the same sort of phenomenon in evaluating a non- 
silicone cream. 


Smith and associates, who conducted a somewhat more extensive evaluation than did Morris, 
concluded that the patch test is not a satisfactory method for studying the protective action of 
protective or barrier creams, because the prolonged close contact, friction, heating, occlusion, and 
maceration are not encountered in the usual exposures to eczematogenous allergens. 


The author apparently believes that silicone creams must be applied for a week or more 
before they exhibit protective action. There are at least two silicone-based creams for which there 
is evidence that a single application is effective for specific exposures. There is only one cream 
produced for which it is suggested that repeated application increases effectiveness. 


The author belabors the point that once applied silicones cannot be removed by usual methods. 


The creams can be washed off with hand detergents containing alkyl aryl sulfonates or sulfated 
fatty esters. 


As further refutation of the conclusions presented by Morris, a survey of the literature was 
made. Clinical effectiveness was studied after prolonged use in an industrial plant (Suskind, R. 
R.: Industrial and Laboratory Evaluation of a Silicone Protective Cream, 4. M. A. Arch. Indust. 
Hyg. 9:101, 1954). There are reports, too, of successful use by a variety of laborers, housewives, 
bartenders, dishwashers, and nurses (Talbot, J. R.; MacGregor, J. K., and Crowe, F. W.: Use 
of Silicote as a Skin Protectant, J. Invest. Dermat. 17:125, 1951; Morrow, G.: Use of Silicones 
to Protect the Skin, California Med. 80:21, 1954). The literature reports that, of 187 subjects 
tested, 170 were satisfactorily cured or controlled. In all fairness, it must be pointed out that an 
additional 26 patients are not included in the preceding total and these cases did not respond. 
These 26 failures were expected, since the patients were in constant contact with diesel oil or 
kerosene. Thus, the evidence presented by Morris using a patch test is far outweighed by 
actual clinical experience. CC. 


Manager Fluids Section 

Product Engineering Laboratories 
Dow Corning Corporation 
Midland, Mich. 


To the Editor—I am writing in response to the letter of Mr. C. C. Currie, of the Dow 
Corning Corporation, relative to the article which I wrote and which appeared in the ARCHIVEs, 
entitled “Silicone Protective Creams” (9:194-198 [March] 1954). I will take up his points 
seriatim : 

In the first place, he makes the statement that “the patch test is not a satisfactory method 
for studying the protective action of protective or barrier creams, because the prolonged close 
contact, friction, heating, occlusion, and maceration are not encountered in the usual exposures to 
eczematogenous allergens.” I am convinced that in the study to which he refers (Smith, C. C.; 
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Day, T. L., and Zimmerman, E. H.: J. Invest. Dermat. 21:111, 1953), if it had so happened that 
the silicone protective creams protected the patients rather than failing to do so, the “shoe 
would’ have been on the other foot” ard the patch-test method of evaluating the protective 
cream/ would have been hailed as the appropriate way. It is an undisputed fact that the properly 
diluted, properly applied, and properly read patch test is still considered by eminent dermatolo- 
gists to be the most nearly approached method of simulating the usual industrial exposure. If 
the patch test is thus highly considered by dermatologists, a protective measure which would 
protect against the usual industrial exposure should equally protect against the patch test. 


Secondly, Mr. Currie has quoted me incorrectly when he states, “The author apparently 
believes that silicone creams must be applied for a week or more before they exhibit protective 
action.” What I said in the second paragraph of my article is this, “It is the recommendation of 
at least one of the manufacturers that in order to be of value it be rubbed into the skin twice a 
day for a week or 10 days before the worker is exposed to the chemicals against which the 
silicone protective cream is designed to shield him.” Further on in that paragraph, in sum- 
marizing, I again was careful to state, “Here, then, is the first disadvantage of at least one of 
these creams,” and I did not state that other silicone protective creams had to be rubbed in 
for any length of time at all. 

Thirdly, Mr. Currie states that I “belabor(ed) the point that once applied silicones cannot 
be removed by usual methods.” “The creams can be washed off,” according to him, “with hand 
detergents containing alkyl aryl sulfonates or sulfated fatty esters.” I still stand by my chemical 
findings, and, so far as alkyl aryl sulfonates and sulfated fatty esters are concerned, (a) these 
are not ordinary cleansing substances found in industry, and (b) I am not too convinced that 
either alkyl aryl sulfonates or sulfated esters do remove these protective creams from the skin, 
as I have done considerable experimentation (using sulfated esters, among others) and have 
shown in published articles (Morris, G. E., and Maloof, C. C.: [a] Causes of Cutting-Oil 
Dermatitis, New England J. Med. 247:440, 1952; [b] Cutting-Oil Dermatitis, Indust. Med. 
21:573, 1952; [c] Some Causes of Cutting-Oil Dermatitis: Il: A Study of Protective Creams, 
Indust. Med. 22:327, 1953) that what appears to the naked eye to be removed from the skin 
is more often than not still on the skin. 

Fourthly, Mr. Currie next takes up the clinical effectiveness of these creams as shown in the 
literature. When any new product appears on the market, there are invariably claims and 
counterclaims as to its effectiveness. Three authors are cited by Mr. Currie who have written 
stating that the silicone protective creams which they used were effective. In any such clinical 
study, each investigator is permitted to run his own series of cases, and then, if he is forth- 
right enough, he will draw his own conclusions and write them up just as he has found condi- 
tions to be, whether or not the results are “good” or “bad” from an impartial point of view. 
In my paper, I related in detail five cases, not one of which was protected upon return to work. 

In the last paragraph of my article, I stated, “It is rather interesting to note that the insurance 
carriers would not permit more than two cases to be studied after the rash had been cleared, for 
they were not willing to assume liability for any further recurrences of the eruptions.” Further 
details in this connection are rather revealing. One of the manufacturers of a silicone protective 
cream had been requesting that I run a series of cases for it. After having cleared up two cases 
of industrial eruptions (a baker and a machinist), I told the workers to apply that particular 
silicone protective cream; they both broke out again and had to be taken from work and cleared 
up again. I then wrote the manufacturer, telling of this happening, and said (according to a 
direct quote from my letter of Oct. 30, 1953) : 

“The insurance carriers have said to me: ‘If the manufacturers are willing to assume 
liability and pay for the Disability Insurance for the time lost and pay the medical costs for 
treating the patients if they break out after returning to work subsequent to using this particular 
silicone cream, then you may do further studies with it.’ 

“IT would like to ask, therefore, if your concern would be willing to finance such a study; 
more specifically, having reference to the patients whom I have cured of eruptions which I have 
proved as being caused by their work, would your Research Division permit me to put on your 
product for 10 days and send them back to work, with the agreement that, if their eruptions 
recurred, your concern would undertake to pay the expenses of the medical bills incurred and 
pay the workers for the time lost due to such breaking out from failure of the silicone cream 
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to protect them? If it would, this would help a great deal in facilitating a study of the true 
effectiveness of these protectives, for if you come to Boston I can introduce you to 
these patients who have used this protective cream, and to others as well, and who have broken 
out despite their uge of it.” 


The proposition, as outlined above, seemed to me to be eminently fair under the circumstances, 
as no “grant” at all would be called for, but [ was using this particular cream at the company’s 
request and had run into this attitude on the part of the insurance carrier; under my suggestion, 
the manufacturer would only be called upon to pay expenses if its cream did not protect. 
Nevertheless, the company definitely refused to comply. It seems to me that if a manufacturer 
were really convinced that its product was effective, it would be willing to take part in such an 
objective study, as the cost would only represent a small outlay as compared with the large 
amounts of money spent yearly for advertising. 


Fifthly, I stated in my conclusion, “This preliminary report makes it evident that much more 
study must be made as to the actual effectiveness of silicone protective creams before they can be 
recommended to industry as general protective agents.” This is still a fair statement as far as 
the present known effectiveness of the silicone protective creams is concerned. It will be inter- 


esting for us all to see in the next 10 years how much these silicone protective creams will be 
used. Future studies by independent observers will either confirm my observations or they will 
not; but, nevertheless, the article in question represented an honest report of my clinical studies, 
and obviously I have no reason to be anything else but impartial in making them. 


GEORGE E. Morris, M.D., Boston. 
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General 


Qvuatity oF Mepicat Care Provinep at tHE LAsor HEALTH INstitutTeE (LHI), Str. Lovuts, 
Mo. Franz GOLDMANN and Evarts A. GRAHAM, Report for 1952-1953, St. Louis, 1954. 


In 1948 a report on the quality of service rendered by LHI was made by Farish and Gold- 
mann, the latter being the senior author of the present report. Through field observations during 


, Oct. 19 to 23, 1953, Drs. Goldmann and Graham, neither of whom is connected with LHI, 
gathered the data for the present report which covers the fiscal year 1952-1953. 
The services of LHI are available to employed persons covered by collective bargaining 
> 


contracts with industrial companies and also to the family dependents of such persons, including 
spouse and children under 18. 

On June 30, 1953, the total number of eligible persons was 15,027, including 6,753 regular 
members, 7,415 family dependents of regular members, and 859 other persons. Approximately 
10 to 15% of the eligibles were Negroes. Average income of those eligible was estimated at $52 
a week. The service actually was used by approximately 9,000 of the eligibles during the fiscal 
year. 

Funds for the program were obtained through collective bargaining between management and 
labor. Total income of LHI for the period was $985,809, of which 97% came from prepayments, 
2.3% from fees paid by members, and the 0.7% remaining from other sources. 

During the full fiscal year the average hospital bill was $134.92, of which $111.94 was paid 
by the plan and $22.98 by the patient. 

The by-laws of LHI explicitly prohibit any interference in the practice of medicine by the 
3oard of Trustees and stress the necessity of preserving the traditional relationship of physician 
and patient. The authors emphasize that this ideal is lived up to—in letter and in spirit. 

Services available comprise (1) protective measures, such as immunization and_ periodic 
physical examinations ; (2) diagnostic service and treatment by general physicians and specialists ; 
(3) clinical laboratory tests and special diagnostic procedures, such as determination of basal 
metabolism and electrocardiogram; (4) diagnostic roentgenological examinations; (5) dental 
service, including mouth examination, x-ray examination, prophylaxis, extractions, fillings, and 
dental plates, the latter at cost; (6) visiting nurse service; (7) general hospital care in semi- 
private room for 90 days in each membership year through payment of an amount up to $12 a 
day for room, meals, general nursing, drugs, and other routine services, of a flat rate of $50 for 
extra charges, such as anesthesia, of the full charges for use of the operating and delivery room, 
of the cost of authorized ambulance service, and of allowances for emergency service in out- 
patient departments and for hospitalization for additional six months; (8) prescribed drugs at 
cost, and (9) prescribed eyeglasses at cost. 

The authors found that the quality of the service and of the records measured up to the best 


standards of the day. Puitrp DRINKER 


WorKMEN’s COMPENSATION IN THE Unitep States. Bulletin 1149, U. S. Department of 
Labor, Bureau of Labor Statistics, 1954. 


This bulletin is a reprint of a series of eight articles on workmen’s compensation which 
appeared in the Monthly Labor Review during 1953. The Bureau of Labor Standards cooperated 
with the Bureau of Labor Statistics in planning the series and prepared three of the articles. 


The several papers presented are I. An Appraisal, by Max D. Kossoris; II. Court Proceed- 
ings, by Warren H. Pillsbury; II]. Federal Legislation, by John Petsko; IV. Occupational 
Diseases, by Bruce A. Greene; V. Medical Services, by Bruce A. Greene; VI. Accident Pre- 
vention, by William L. Connolly; VII. Problems of Administration, by Paul E. Gurske, and 


VIII. Rehabilitation, by Jerome Pollack. Panis Dewusa. 
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rustic Statistics in Aik PoLtution Stupies. Gorpon H. Josie, Canad. J. Pub. 
Health 45:64-69 (Feb.) 1954 


Evidence already available establishes a positive relationship between pollution and ill health 
under adverse meterological conditions. The same pollutants ¢ontinyally present in the atmos- 
phere of our large cities may have long-term deleterious effects. Intensive study is necessary 
to obtain the data needed for planning preventive and control procedures with respect to potential 
hazards, both acute and chronic. 

The scientific investigation of the effects on health of air pollution in concentrations normally 
present in industrial communities requires careful planning in view of the technical complexity 
of pollution and health measurements and because of the multiplicity of factors operating 
simultaneously. 

The usual public health statistics should be considered but are apt to be of limited usefulness. 

A controlled experiment in the sense of assigning people at random to high- and low-pollution 
areas is not feasible. The nearest approach is the study of population groups in the same 
community matched as to socioeconomic factors but exposed to differing average pollution levels. 
A study group located in an area free of industrial pollution is also desirable for comparison. 
Another control or comparison device is the presurvey evaluation of health status, clinically if 
possible, but a health questionnaire may serve as a useful expedient. 

We can anticipate that a carefully planned investigation will produce significant data 
respecting acute episodes. The chronic effects of normal pollution present a more complex 
problem which may require years of study for valid assessment. 


FroM THE AuTHOR’S SUMMARY. 


SymMposiuM ON INDUSTRIAL HEALTH: (a) Factory Law anp Heattn, E. ScHoFIELD; 
Stoucu InpustriaL Service, A. A. EaGGer; (c) Factory 
Doctor—PossisLe DeveLopmMents, M. E. M. Herrorp; (d) View oF A MEDICAL 
Orricer oF Heactu, FE. HuGues. Roy. San. Inst. J. 74:335-353 (May) 1954. 


The first contribution to this symposium gives an outline of the Factory Acts, which lay 
down a minimum standard of working environment in factories for promoting health, for pro- 
tecting against particular hazards, and for dealing with adverse conditions. Particular attention 
is drawn to the work of factory inspectors, whose duties extend more and more from enforcing 
the provisions of the Acts to giving welcome advice to employers and workers upon how to 
ensure that health which is necessary for efficient productivity. They carry with them experience 
gained from employers who do not limit themselves to legal standards in ensuring good and safe 
practice. 

The second article tells yet again of the Slough Industrial Health Service (Bull. Hyg. 
28:826, 1953). It is the story of how, by simple organization, small firms combine to gain health 
and welfare advantages otherwise only available, on account of expense, to firms employing 
large numbers of workers. The service comprises emergency casualty attention, occupational 
hygiene, rehabilitation, and social welfare activities. Medical officers and state registered nurses 
work from a central clinic. Today 156 firms employing some 16,000 workers are served. The 
service is steadily being integrated into the general health service of the community and with the 
laboratory facilities of the London School of Hygiene and Tropical Medicine. A per caput 
charge of 16 shillings per annum is paid by each firm. There is no doubt about the success of 
this scheme. 

The section dealing with the appointed factory doctor, until recently known as the certifying 
factory surgeon, sets forth what could be done by expanding the work of this official. But the 
reader is left without any clear statement as to what are the present statutory duties to be per- 
formed, as to how he is appointed, or how he is paid. [The suggestions for integrating the work 
with that of school medical officers and medical officers of health are ideal rather than probable. 
All the criticisms of the work as now done were equally true more than 50 years ago, when the 
abstracter was a certifying factory surgeon. We hope the authors may have luck in getting 
some of his suggestions adopted.] 

When industrial health is considered by a medical officer of health, many interesting thoughts 
emerge. There is room and a need for an industrial medical service and for a survey of smaller 
factories to demonstrate the need. Hospital services should be coordinated for accident treat- 
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ment, rehabilitation, and physical therapy. The activities of the school medical officer should be 
associated with those of the appointed factory doctor, with continued medical examinations 
during postschool years. The Slough scheme and that in Birmingham, Ala. (Bull. Hyg. 
28:946, 1953), set examples worth following. 

These contributions are followed by an important discussion in which there is a consensus 
of opinion that occupational hygiene has been neglected and that a well-organized industrial health 
service is a national need. Action by the Ministry of Health is called for. 


E. L. Cottis Hy6e.]. 


InpustrRIAL Aspect or Aviation Mepicine. F. S. Parve, M. J. Australia 1:461-462 
(March 27) 1954. 


This brief outline of some of the processes carried on in the aviation industry is given to 
indicate their diverse nature. Often the description a patient may give of his work indicates little 
of the true nature of it. This applies particularly when modern cleaning agents or sealing com- 
pounds are used. 

Finally, mention must made of the responsibility of the industrial medical officer to keep his 
fellow practitioners, particularly those in general practice, informed of the medical aspects of 


the industry in which he is working. Danes ts 


Occupational Diseases and Hazards 


EARTH PNEUMOCONIOSIS: SOME Socto-MEpDICAL Opservations. H. K. 
Asrams, Am. J. Pub. Health 44:592-599 (May) 1954. 


An occupational disease hazard in the diatomaceous earth industry in California became the 
focus of publicity in the lay press and a strike issue. Subsequent investigation of workmen's 
compensation records and other aspects revealed valuable information concerning the disease, 
administration of workmen's compensation, medical testimony, and related factors. This 
investigation and a review of the relatively few papers in the literature showed that the disease 
has a high attack rate in those exposed to the dust, that the amorphous form of the earth can 
cause symptomatic lung disease although longer and heavier exposures are required than from 
the processed powders, that disabling disease is produced more quickly by processed diatomite 
than by quartz-type silica, that diatomite pneumoconiosis probably predisposes to tuberculosis 
and other lung infections, and that the disease may occur in those who utilize diatomaceous earth 
as well as in those who produce it. Accelerated steps to abate the hazard were taken. Suggestions 


are made to avoid such difficulties in the future. Innoee. Hive. Deane 


Lipip PNEUMONIA FOLLOWING OccCUPATIONAL Exposure To Spray. R. B. For and 
R. S. Biguam Jr., J. A. M. A. 155:33-34 (May 1) 1954. 


Pneumonitis due to aspiration of oil is a form of pulmonary consolidation that has been 
known for years. Most of the cases described were attributable to the medicinal use of mineral 
oil and cod liver oil, but cases of lipid pneumonia have been caused by the accidental aspiration 
of kerosene, diesel oil, and gasoline. A case report is made to point out the industrial hazards 
of oil spraying as 4 cause of lipid pneumonia. The patient had used a spray in cleaning air- 
craft engines in a closed hangar for about 18 months. The mixture used was one-half kerosene 
and one-half a cleansing agent composed of 50% vegetable oil soap. The complaints were loss of 
vitality, shortness of breath on exertion, and frequent chest colds. A chest roentgenogram showed 
ill-defined shadows of increased density scattered throughout both lung fields. Results of 
physical examination were normal, including all blood and urine tests, electrocardiogram, 
serologic studies, and sputum cultures. Microscopic examination after a lung biopsy showed 
lipid pneumonia. The patient was returned to duty after three months of hospitalization, and 


recovery was complete in six months. Inpust. Hyc. Dicast 
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RELATION OF TUBERCULOSIS TO THE DEVELOPMENT OF MASSIVE PNEUMOKONIOSIS IN COAL 
Workers. W. R. L. James, Brit. J. Tuberc. 48:89-96 (April) 1954. 


Dust accumulates in coal miners’ lungs in two forms: (1) small foci scattered uniformly 
throughout both lungs, constituting simple pneumoconiosis, and (2) larger dust-laden fibrous 
lesions, irregularly placed usually in the upper parts of the lungs, constituting massive pneumo- 
coniosis or progressive massive fibrosis. The opinions of earlier authorities are quoted. 


The observations which follow are based upon 1,000 autopsies on South Wales coal workers. 
Of these, 454 had massive disease and 546 had simple pneumoconiosis. Since 228 of the 454 lived 
to be ©) or over, massive pneumoconiosis is compatible with long life. Seven had worked as 
coal trimmers, loading the holds of ships, with no exposure to dust from rock strata under- 
ground; 12 of these men had simple pneumoconiosis 

Dust alone is held not to have caused massive disease, because it occurs with considerable 
and even gross asymmetry. In 56 patients with simple pneumoconiosis, aged 50 and over, there 
were numerous large dust foci without massive disease; so dust alone can hardly cause it. 
Progressive massive fibrosis may occur in young men with only short exposures to dust; there 
were 11 under the age of 30. In a number of these younger men tuberculosis was diagnosed in 
life or found at autopsy. In some of the simple cases there was as much dust in the lungs as with 
massive disease, and yet massive disease was not present. In the 11 workers who developed 
massive disease at ages under 30, tuberculosis was definitely found in 9, and the histology was 
suggestive in the other 2, Among the cases of massive disease, there was a steady decline with 
increasing age in the incidence of tuberculosis findings. Nevertheless, reasons are advanced for 
considering it probable that there is a second factor in addition to dust in the etiology of massive 
pneumoconiosis and that this factor is tuberculosis. Quite possibly in those cases which were 
negative for tuberculosis at autopsy, where the patients were generally of advanced age, the 
organisms may have died or have been altered in some way to make their detection difficult. 


E. L. [Butt Hya.]. 


PNeumoconiosis Apstracts. E. L. Mipp_eton, Editor, reprinted from Bull. Hyg. for the 
years 1926 to 1938, incl., and published under auspices of the Bureau of Hygiene and Tropical 
Diseases, London, Sir Isaac Pitman & Sons, Ltd., 1954, Vol. 1. 


This volume is the first of two which reprint in book form the abstracts on pneumoconiosis 
which have appeared in the Bulletin of Hygiene from its beginning in 1926 up to and including 
1950; the second volume will be issued shortly, and it is hoped that there will be succeeding 
volumes at fairly frequent intervals. In this manner it is hoped to create a complete, or nearly 
complete library of abstracts covering the whole field of pneumoconiosis and related subjects, so 
that it may be possible to refer at a moments notice to comprehensive summaries of all pub- 
lished papers on any particular subject in this field. This ideal cannot, of course, be fully realized, 
since it is impossible for even the most efficient abstracting journal, with the widest possible 
coverage, to see and review everything that appears in print. But the Bulletin of Hygiene’s 
present expanded service embraces all important medical, scientific, and engineering periodicals 
and books which are known or likely to contain writings on pneumoconiosis, and this is as far as 
any abstracting service can reasonably be expected to go. Moreover, the abstracts in the Bulletin 
are comprehensive and detailed, and the reviewer has frequently heard it said, “To read a 
Bulletin abstract is almost as good as reading the paper itself,” a view which he holds himself. 

In 1934 Davis, Salmonsen, and Earlywine published the first of their three volumes on the 
literature of pneumoconiosis, being a compilation of the titles of the earlier writings and abstracts 
of the more recent. This was an admirable enterprise, and the books were of immense use to all 
those persons interested in, or working with, pneumoconiosis who were fortunate enough to get 
them. But the books are out of print, and they have not been carried on beyond 1937. Because 
these books had proved so very useful, several persons have felt that something similar should 
be instituted to bring the matter up to date and to continue collecting together in book form, 
every two or three years, abstracts of all papers on pneumoconiosis. The publication of these 
volumes will be of immense service to all workers in this field. 

To the reviewer it has been a most interesting and stimulating experience to browse through 
the pages of this first volume. One comes on reviews of some of the real classics of the literature of 
silicosis. And it is with a feeling of real delight that one finds oneself reading again the thoughts 
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of the great ones of silicosis research, such as Haldane, Collis, and Kettle of Britain, Gardner, 
Sayer, Drinker, and Lanza of America, Policard and Martin of France, Siegmund, Boehme, 
Keelsch, and J6tten of Germany, Gudjohnsson and Evang of Scandinavia, Telekee of Switzerland, 
Watkins-Pitchford, Mavrogordato, and Irvine of South Africa, Badham of Australia, and 
3anting of Canada. Middleton’s Milroy lectures are there, Jones’s famous paper on sericite, and 
the early work of Merewether, Cooke, and Gloyne on asbestosis. 

To the reader wanting to refresh and renew his knowledge of pneumoconiosis, the book is a 
delight; to the student wishing to see all that has been done and written on the subject, it is 
indispensable; to the enquirer after the facts in some corner of the field, it gives an immediate 
answer ; and to the casual reader browsing through the pages, it, like an encyclopedia, is a tempta- 
tion to read on and on. 

All in the pneumoconiosis field will be grateful to the Managing Committee of the Bureau of 
Hygiene and Tropical Disease, which produces the Bulletin of Hygiene, for sponsoring the pro- 
ject, to the publishers, Messrs. Pitman, for an elegant volume, and particularly to Dr. E. L. 
Middleton, on whose shoulders fell the onerous task of selecting, editing, arranging, and indexing. 
The book is a monument to one of our best-known workers in the pneumoconiosis field. 


E. J. Kine. 


3RONCHITIS AND BRONCHOPNEUMONIA IN AN INDUSTRIAL CoMMuUNITY, J. 


PEMBERTON, 
Tr. A. Indust. Med. Officers 3: 202-209 (April) 1953. 


The group of great causes of death which comprises bronchitis, bronchopneumonia, and lobar 
pheumonia accounts for some 8% of all deaths in England and Wales; it claims about 40,000 
lives each year and results in much illness, This group is important in infancy, even then more 
so for males than for females. Then it falls away to rise again at about age 40, with increasing 
frequency up to old age, the toll it levies being much greater for males. The incidence is heavier 
in county boroughs than in urban districts, and it is least in rural districts. Throughout, mortality 
rates are quoted in support of statements made. 

When areas are divided according to industrialization, the rates are found higher in proportion 
to the degree of industrialization, These rates go up sharply in epidemics of influenza and are 
higher in winter than in summer months. When rural districts are compared in the north and the 
south, little difference is found; so temperature is not a serious determining factor. Seasonal 
influences probably depend not upon temperature but upon herding together indoors, with 
increased exposure to respiratory infections. Social factors have great influence, comprising over- 
crowded living conditions, poor diets, atmospheric pollution, and industrial occupations. Even 
today in our great towns some horrible slums still await eradication, 

The effects of atmospheric pollution, especially by smog, are well recognized; older persons 
suffer particularly, and fumes of sulfur dioxide seem the worst constituent, held from escape by 
particles of soot. An important industrial factor is exposure to most kinds of inorganic dusts, 
especially to silica dust. Attacks in infancy lower the resistance of the lungs to the varied adverse 
factors indicated when these factors come into action later in life. Atmospheric conditions stand 
out prominently as causative factors, mostly resulting from industrial processes and mostly 
remediable. 


[This group of deaths has fallen sharply during the present century.] 


E. L. Cotiis HyG.]. 


MepicaL Bureau (R. Paut, CHAIRMAN) AND SILicosts COMPENSATION BoarRD 
(W. J. DonneELty, CHAIRMAN). Annual report for the year 1952, Government Printer, 
Lusaka, Northern Rhodesia, 1954. 


Owing to lack of staff, the full program planned for 1952 was somewhat impeded; in 
particular, a tour of Northern Rhodesia had to be curtailed, but even so the work has been 
profitable. During the year the Silicosis Ordinance was slightly amended. Beds were set aside for 
the treatment of miners suffering from pulmonary tuberculosis. Throughout this report “mining” 
means employment in the five mines of the copper belt. In future the aim will be to discover 
early and treat all persons with tuberculosis and not allow these Africans to return home and 
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spread the infection, Isoniazid was being tried in association with streptomycin; results will be 
reported later. A tour was made of African areas to find, if possible, and examine certified 
ex-miners and uncertified cases in the presilicotic stage of generalized arborization. 


Sufficient men were found to justify certain important deductions: viz., in the absence of 
further exposure to dust and in the presence of infection, simple silicosis may advance to massive 
fibrosis; the discharged silicotic patient under viliage conditions is liable to develop super- 
imposed tuberculosis; and a miner may leave employment with a normal x-ray of the chest 
and years later, without further exposure to dust or infection may exhibit overt silicosis, with 
discrete nodulation. During the tour a portable x-ray machine was found satisfactory under bush 
conditions. A tomograph has been installed at headquarters, as well as an electrocardiograph 
and a bronchoscope. A special type of spirometer for measuring exertion dyspnea is to be 
bought. At engagement examinations, 15.2% of Europeans, many of whom had had previous 
dust exposure, and 5.8% of Africans were rejected. During the year first certification of silicosis 
fell for Africans from 36 to 12% and rose for Europeans from 8 to 13%. The population at risk 
is placed at 3,401 Europeans and 23,451 Africans. The over-all incidence of simple tuberculosis 
or tuberculosis as a complication of silicosis was 0.9 per 1,000 Europeans and 1.2 per 1,000 
Africans. 

The superimposition of tuberculosis on simple silicosis causes the x-rays to show a fluffy 
outline of varying intensity; moreover, progressive massive fibrosis may result, seen as rounded 
masses in the subapical regions and in the midzones close to the hilar areas. Observations on 
erythrocyte sedimentation rates gave a reading for normal Africans of 11.4 mm., for Africans 
with simple silicosis of 19.1 mm., and for those with massive fibrosis of 53.1 mm. The sedimenta- 
tion rate is considered as good evidence of the activity of a lesion. Fewer miners remaining at 
work develop tuberculosis than would be the case if they were to go home. Information regarding 
the compensation fund will be of more interest when more data have been collected. These 
mines are comparatively new. Butt. Hye. 


PHOTOSENSITIZATION DERMATITIS AMONG MEN SPREADING “TARMAC” ON Roaps, B. CAVALEI 
and A, Dupré, Arch. mal. profess. 15:132-134, 1954. 


Six workers came under observation, suffering from “sunburns” of some severity on exposed 
skin; two experienced lacrimation, headache, shivering, lack of sleep, and nausea. Their work 
consisted in spreading road-making materials which contained coal tars. They were fully aware 
of the condition, which came on after exposure to strong sunlight. It improved in a few days, with 
rest and the application of cold cream. One man said that his burns were more intense when he 
was spreading coal tar; autumn always brought a cessation of the burns. They are attributed to 
ultraviolet rays, and the wave length concerned is placed between 3,300 and 5,000 A. Once this 
wave length is detected, protection is to be sought by applying to the skin a cream which will not 
permit these rays to pass through. One ideal cream would be Gelobarin, 1 part, and fresh cold 
cream, 2 parts. As, however, this would make the men white as snow, another cream is being 
sought. A test meter for measuring individual sensitivity has been devised, which might be use- 
ful when engaging new workers so that those who were particularly sensitive would not be 


employed. E. L. Coutts Hye.]. 


Sucar AND Inyuries. B. Despcas and M. Gautier, Arch. mal. profess. 15:152- 
155, 1954. 


Although diabetes may be determined by injury, its frequency and characters are doubtful ; 
most cases are slight and disappear rapidly ; they may be only accentuation of a diabetes already 
in existence but previously undiscovered. Three cases are now reported in detail, wherein the 
absence of previous diabetes or of any family predisposition is clearly known. 

The first case followed a month after a severe blow to the right side of the skull. During 
the month the patient showed increasing fatigue and nervous irritability. Then thirst and appetite 
increased; he was drinking 12 to 15 liters a day and passing 20 liters of urine. He lost much 
weight. Insulin brought the case under control. The second patient received, in a carriage 
accident, multiple contusions of the chest, abdomen, and limbs, without loss of consciousness. 
A month later he began to lose weight and to develop an abnormal thirst. Sugar was found in 
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the urine; there had been none a month previously. A strict regimen was enough to bring the 
condition back to normal. The third case was emotional shock from finding wife and children 
killed by bombardment; the next day polyuria and glycosuria developed. This man suffered from 
pigmentary hypertrophic cirrhosis but was known not to have diabetes. 

Generally, traumatic diabetes is characterized by katency of up to a month and by a tendency 
to recovery. Any injury, even slight, or emotional shock may determine the diabetes. 


E. L. Hye.]. 


HISTOLOGICAL AND PHYSIOPATHOLOGICAL STUDIES ON CHRONIC PNEUMOCONIOSES IN MAN, 
WITH SPECIAL REFERENCE TO THE SIGNIFICANCE OF THE SILicotic NODULE AND THE 
Part PLAYED BY CARDIOVASCULAR FACTORS IN THE EVOLUTION OF THE LUNG LESION. 
R. L. Bounnoure and C. Bimes, with the collaboration of R. Rurrié (Preface by C. 
Souta), Paris, Masson & Cie, 1952. 


This volume purports to be based upon observation made on three cases which had been 
studied clinically during life and after death. Each is dealt with at length; illustrations of x-ray 
findings and of microscopic appearances are given. The first man was aged 60; he had worked 
with exposure to dusty atmospheres in a number of industries but not much to silica dust. 
He came under notice in a state of advanced chronic bronchitis. The second was 43 years old; 
he had worked in a number of iron and coal mines and for four years had been tackling hard 
tock underground. He was diagnosed as having silicoanthracosis. The industrial dust exposure 
of the third man, who died aged 49, was even more varied and indeterminate. When entering 
hospital, he was diagnosed as having bilateral lung trouble, with permanent dyspnea and inter- 
mittent albuminuria. 

In the study of industrial pneumoconiosis, reliance upon so few cases, however carefully 
investigated, with such varied exposures to dust and for varied periods, seems likely to invalidate 
conclusions. Nevertheless, much of interest emerges. The theory advanced is that dust, particu- 
larly silica dust, causes arteriole spasm in the lung, which in its turn sets up a bloodless condition 
of the part supplied by the arteriole; hence occurs disintegration of the part, and upon this loss 


of vigor the silicotic nodule is based. Accompanying these changes bronchial spasm causes 
dyspnea and interference with the pulmonary circulation wherein hypertension is the rule. Such 
hypertension throws continued and increasing strain upon the right heart, with cor pulmonare as 


a result. [No explanation is advanced as to why silica dust possesses this peculiar capacity for 
setting up these pathological changes, nor why, when these changes are started by silica, the 
affected lungs have such an extraordinary capacity for succumbing to tuberculous infection. 
But superimposed infections are held to exert an accelerating influence upon dust changes 
occurring in the lungs. Such an influence is certainly associated with silica dust, but evidence of 
similar influence on the part of other superimposed infections associated with bronchitis and pneu- 
monias does not seem to be clearly set out. Indeed, with some dust exposures, for example to 
dust from raw cotton bales which sets up well-known chronic asthma, the absence of any 
tendency to tuberculosis is notable. The suggestion that spasm, occluding arterioles, and spasm 
of bronchi, causing dyspnea, lie at the back of all the lesions forming silicosis, and also of the 
pathological changes in the lungs which throw stress on the right heart requires for more 
evidence in support than is here offered. New ideas, however, are always welcome, especially 


when presented, as here, in readable form and well published. | E. L. Conus (Butt, Hye.] 


Amino Actp COMPOSITION OF THE PROTEINS COMPOSING THE HYALINE SUBSTANCE OF 
Siricotic NopuLes. BENVENUTO PERNIS and Luctano Peccutat, Med. lavoro 45:205- 
213 (April) 1954. 


The amino acid composition of the proteins of the hyaline substance of isolated silicotic 
nodules has been determined quantitatively. Both nodules obtained from the lungs of two typical 
cases of human silicosis and peritoneal silicotic nodules experimentally obtained in rats have been 
studied. As analytical procedure, a method based on two-dimensional paper chromatography 
(Pernis and Wunderly’s method) has been used. The analytical data which have been obtained 
showed that (1) the hyaline substance of silicotic nodules is very different from collagen; (2) the 
hyaline substance of silicotic nodules may be taken, insofar as the amino acid composition goes, 
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as a mixture of 4/10 collagen plus 3/10 plasma alpha globulin plus 3/10 plasma beta 
globulin. It appears therefore that the processes which lead to hyalinosis of silicotic nodules 
do not correspond to degenerative processes of collagenous fibers but are rather dependent on 


the precipitation between the links of the primitive collagenous-reticular net of lipoglobins, as 
alpha and beta globulins of plasma. a ee 


COAGULATION Process IN Sinicosts. E. SARTORELLI, 


S. Campruzzi, and C. 
Be_tamio, Med. lavoro 45:225-231 (April) 1954. 


Researches have been carried out on the behavior of blood clotting in 15 cases of pure 
silicosis, utilizing, as an index of clotting time, the Howell recalcification time (this test com- 
pared with the conventional tests carried out on the whole blood is far more exact) and the 
Quick prothrombin time (on the whole plasma and diluted to 10%) as an index of the plasmatic 
concentration of prothrombin and factors which accelerate the conversion of prothrombin in 
thrombin (Owren V factor, proconvertin). This study seemed justified by the existence in silicosis 
of a hyperglobulinic dysprotidemia, a condition which could have brought forth the assumption 
of the existence of alterations also of the factors acting in the first phase of the clotting of the 
blood (prothrombin and accelerating factors which are all of globulinic nature). The results 
obtained show in all cases the existence of a hypercoagulability of the blood, due to the increase 
of the prothrombin activity associated with evident protidoplasmatic alterations (hypoalbuminemia 
and hyperglobulinemia). A hypothesis is advanced that the hypercoagulability of the blood in 
silicosis should be put in relation with an increase of the plasmatic concentration of prothrombin 


or eventually of the accelerating factors, to be considered as a peculiar effect of the silicotic 
dysprotidemia. 
From THe AutTHorRs’ SUMMARY. 


Maximum Capacity Test in SARTORELLI, Med. 
45: 232-238 (April) 1954. 


lavoro 


The maximum breathng capacity test is a spirometric test carried out at rest, by which it is 
possible to estimate the maximum ventilation of the lungs. This test, which is particularly 


useful in the study of pulmonary emphysema, may be carried out with various techniques, among 
which the most used are those developed by Baldwin and collaborators and by Tiffeneau and 
collaborators. The Tiffeneau test consists in having the patient inspire deeply, followed by a 
most complete and very rapid expiration, the forced respiratory act being recorded by means of a 
spirograph; the value of the maximum breathing capacity is obtained by multiplying by 30 the 
volume of air expired in the first second. 


In the present research the results obtained on 32 silicotics with the maximum breathing 
capacity test according to Tiffeneau have been estimated in the light of data furnised by a 
remarkably precise respiratory function method such as Knipping’s method. The investigations 
carried out show that in three-fourths of the men examined there is a good correspondence 
between the degree of compromise of the respiratory function studied according to Knipping’s 
method and the degree of reduction of the maximum breathing capacity according to Tiffeneau, 
while in one-fourth of the cases there is a good agreement between the degree of reduction of 
the respiratory function and the degree of the vital capacity. This is most probably due to the fact 
that the maximum breathing capacity test is more exact and significant for the study of the pul- 
monary ventilatory function than is the vital capacity. In some silicotics, however, it was seen that 
the reduction of the maximum breathing capacity was comparatively scarce, while the respiratory 
function studied according to Knipping’s method resulted in being more or less severely com- 
promised; it is believed that this fact may be attributed to the presence of evident alterations in 
the permeability of the alveolar membrane by respiratory gases, without severe alterations in 
the pulmonary ventilation, 

The researches carried out show, therefore, that the maximum breathing capacity test accord- 
ing to Tiffeneau should be utilized for its simple technique, because it affords a rapid general 
orientation of the respiratory function and because, coupled with Knipping’s method, it allows 
the determination whether the reduction of the pulmonary function is due mainly to alterations 
in the pulmonary ventilation or to alterations in the permeability of the alveolar membrane by 
From tHe AuTHoR’s SUMMARY. 
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HEALTH Hazarps In A TarTARIC Acip Factory. M. Barsorti, C. Sassi, and G. Guettt, 
Med. lavoro 45: 239-249 (April) 1954. 


A hygienic-sanitary study has been carried out on 156 workers in the largest European 
factory manufacturing tartaric acid and its derivatives. The raw materials (pressed grape 
dregs, raw tartar, etc.) are grourd, dried, and then treated with hydrogen chloride and calcium 
carbonate to obtain the calcium tartrate, from which tartaric acid is extracted with sulfuric acid. 
Furthermore, cream of tartar, calcium tartrate, tartar emetic, and potassium sodium tartrate 
(Seignette salt) are produced. The finished products are dried, ground, and packed. Tartaric acid 
concentrations in the atmosphere of the plant ranged from negligible traces up to 32 mg. per 
cubic meter. Thirty workers have shown the same slight erosion of the masticatory surfaces of the 
incisor and canine teeth as can be found in other workers of the same age and social con- 
ditions but not exposed to the action of tartaric acid. In nine cases (5.8%) perionychiae were 
present ; cutaneous chronic ulcers subsequent to small wounds of the skin were frequent in those 
workers exposed to the contact of pure or concentrated tartaric acid. The same workers 
. frequently suffered also from gastric ulcers and hyperacid gastroduodenitis. The workers 

employed in the grinding of raw materials are often liable to febrile attacks, occurring at the 
end of the working shift, which last a few hours and affect neither their general condition nor 
the hematic crasis and functioning of the kidneys. These disorders are probably due to the inhala- 
tion of raw tartar dust containing a large quantity of magnesiym oxide, and their pathogenesis 
is similar to the so-called metal fume fever. Tartaric acid is eliminated up to doses of 450 to 600 
mg. per liter without causing any damage to the kidneys. 


From tHe AutHors’ SUMMARY. 


ALLERGY AMONG WORKERS IN THE MILLING INDUSTRY. V 
med. indust. 22:257-266 (July-Oct.) 1953. 


. Grianti and G. BARTALINI, Rass. 


A short survey of previous papers on the subject is followed by a report on an investigation 
of 125 workers, including 97 in industrial establishments and 28 in smaller rural concerns. Among 
the former, 3.9% showed evidence of allergic bronchial asthma, 7% of allergic rhinitis, 10% of 
oculorhinitis, and 2% of dermatitis; but in the latter group, the incidence of these conditions 
was found to be much higher, namely, 25, 50, 45, and 3%, respectively. Sensitivity to grain dusts 
was tested by cutaneous reactions, and a positive result was obtained in 39% of the first group and 
in 68% of the second group. Three typical cases of severe allergy are described in some detail. 


Hye. 


CONTRIBUTION BY ANIMAL EXPERIMENTS TO THE PROBLEM OF THE Toxic ACTION OF 

MoLecuLarLy Disso_vep Sirica. W. Arch. Hyg. 186:188-194, 1952. 

Earlier animal experiments had shown that colloidal silica is an extremely toxic substance. 
In the present investigation, a molecular dispersion was prepared. Various amounts of the 
solution were injected intratracheally into rats, and the minimum lethal dose was found to be 
1.8 mg. of silica. Polypnea and cyanosis were observed as disease symptoms. Sections of animals 
that had received the lethal dose showed uniformly hyperemia of the lungs, alveolar edema, and 
excess leucocytes in the alveolar spaces. The findings are given in detail. It is concluded that the 
action of molecularly dispersed silica is similar to that of colloidal silica but is much stronger. 
The results fit into the theory of Giese that silica has two opposing effects, namely, a toxic and 
a fibrotic action. The higher the solubility of a siliceous dust, the more pronounced are the toxic 
effects, and the lower the solubility, the more pronounced are the fibrogenic effects. 


CONDENSED FROM BuLL. Hye. 


Action OF COLLOIDAL AND MOLECULARLY Dtsso_vep Sinica oN Broop Vessets. W. 
KLosteRKOTTER, Arch. Hyg. 137:69-78, 1953. 


The literature on the early effects of silica being due to functional disturbances is reviewed. 
Perfusion experiments with colloidal silica (centrifuged aerosol and quartz suspensions) are 
described on guinea pigs’ legs and heart-lung preparations of rats and rabbits. Ringer's solution 
was used, and the circulatory flow rate determined. Variable amounts of dissolved silica of the 
order of 9.2 to 4 mg. of SiOz were introduced. In general, a reduction in flow rate was observed, 
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which was small and reversible with the smallest doses, whereas with larger doses it was larger 
and permanent. It is said to be due to spasm and later to formation of edema. Similar experiments 
were made with frogs, silica being injected into the lymph sac of the stomach or directly into 
the tongue. This led to complete stasis of the arterioles observed, The findings are discussed. 
Collodial rather than molecularly dispersed silica is said to be active and to cause contractions of 
the contractile elements which may affzct the neurovascular system and lead to vascular spasm. 


Butt. Hye. 


Medicine and Surgery 


REHABILITATION OF THE INJURED WoRKMAN. M. AxForp, New Zealand M. J. 53:28-34 
(Feb.) 1954. 


Rehabilitation as it is understood in Great Britain and in America has not yet been fully 
developed in New Zealand. The theme of this address is that the attitude of the patient with 
regard to final recovery of capacity for work is as important as the surgical skill in healing 
the injury. This state of affairs is due to fear of lessened earning power, on the one side, and 
the temptation held out by workman’s compensation, on the other. The psychological complica- 
tions of trauma must ever be in the surgeon’s mind. Far too soon the patient will start to worry 
about the effects of his injury, ‘often long before it is possible to estimate how complete the 
restoration of torn ligaments, bruised muscles, or fractured bone may be. An unthinking and 
unintended reference to crippledom may turn thoughts to the only refuge the patient knows, 
litigation and lump-sum settlement. Then we unjustly call him a malingerer. Failure in psycho- 
logical treatment, rather than failure of physical treatment, is responsible for imagined functional 
disorders. 

A simple explanation of the patient’s case goes far to help progress. Disk injury today calls 
for careful explaining. A patient should not be frightened. Damaged muscles should not be 
immobilized; massage is preferable, and movement should be encouraged. Here the assistance 
of the physical therapist and of occupational therapy is invaluable. New Zealand needs a well- 


thought-out rehabilitation scheme, not hampered by too much legalized compensation given by 
the Welfare State. 


FE. L. Hye.]. 


Environmental Conditions 


Some Puysio.tocicat Aspects OF ADAPTATION TO Heat. N. B. Strypom, South African 
M. J. 28:112 (Feb. 6) 1954. 


The manual labor involved in mining is of a strenuous type, and it is essential that under- 
ground laborers should be fit and efficient workers, with a circulatory and sweat mechanism 
which can cope with the internal heat production even under severe conditions of external 
heat stress. 

Most of the mines on the Witwatersrand are confronted with the problem of rock tem- 
peratures, which may be as high as 120 F. Because of water dripping down passages and water 
sprayed to allay dust, the mine air is also humid. Mine laborers therefore must be acclimatized 
to hot, humid conditions. 

The changes involved in this acclimatization are mainly circulatory. 1. There is first an 
increased peripheral blood flow. Capillaries open up, more arteriovenous anastomoses develop, 
and a general dilatation takes place. 2. There is an adjustment of blood pressure. 3. The most 
important factor in the adaptation to heat is an increase in blood volume, Because of the vaso- 
dilation, a diminished venous return and a faster beating heart are inevitable during the first 
day or two. After two or three days, however, the deficit between demand and supply is com- 
pensated for in an increased volume of blood. Increases of up to 30% have been recorded. 4. 
This increase in blood volume contributes to the progressive slowing of the pulse rate. 5. The 
metabolic rate is decreased. This change is reflected in the gradual lowering of work temperature 
as well as resting body temperatures. 6. An adjustment of the water and mineral exchange is 
made. The amount of sweat given off is increased, and there is reason to believe that the salt 
secretion is diminished. 
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As the result of extensive experimentation on the physiological effects of heat stress on 
native laborers, a new method of acclimatization has been worked out. Recruits are questioned 
as to their state of health, etc., and then sent to work at full production rate in a “cool” stope, 
where the saturated air temperature is not more than 87 F. During the six days spent in this 
stope they are toughened, trained to their tasks, and partially acclimatized. This period is 
followed by six days of hard work in a “hot” stope, with an ideal temperature of 91 to 92 F. (wet- 
bulb) and good wind velocity. The advantages of this method are that the period of acclimati- 
zation is cut down, production is increased, sick men are weeded out, and the acclimatization is 
probably more complete than with previous methods. 

In heatstroke the body temperature increases. After a few hours the critical temperature, 
about 107 F., is reached, and the heat-regulating system breaks down. The symptoms of heat- 
stroke include a high temperature, with acute mental excitement, delirium, convulsions, muscular 
twitchings, and tremors, and, if not fatal, it may leave a permanent disability. 

A well-acclimatized and healthy subject should not contract heatstroke, but the following 
factors may eliminate the acclimatization effect: 1. Conditions of ill health, such as influenza, 
malaria, and skin disorders will render a subject more prone to heatstroke. 2. Alcohol has an 
adverse influence on the adaptive mechanism of the body, and the consumption of large amounts 
of liquor will make a person more prone to heatstroke. 3. Excessive work rates and abnormally 
severe environmental conditions will also result in high body temperatures and heatstroke. 


INguIRY INTO VIBRATION DisEASE IN CoAL MINEs. P. Cazamtan, J. Drivet, and J. L. 
Souk, Arch. mal. profess. 15: No. 1, 44-48, 1954. 


The claim has been made that vibrations arising from hand-pneumatic tools set up changes in 
the bones of the wrist, elbows, and shoulders. In order to ascertain whether pneumatic tools used 
at the coal face set up such changes, 100 miners employed in the Cevennes coal field in France 
were carefully examined, their wrists, elbows, and shoulders being x-rayed. The men were between 
the ages of 29 and 57 and had used the tools between 5 and 28 years. Clinical examination did not 
bring to light any vasomotor changes in the upper limbs attributable to vibrations, such as “dead” 
fingers. The x-rays discovered 21 cases in which either exostoses at the elbow or vacuoles at 
the wrist were present; there were no joint changes, but the vacuoles had a relation to the 
length of work with the pneumatic tools and may be regarded as an early lesion of vibration 
disease. Definite signs of this disease were vague, and the conclusion is drawn that the pneumatic 
tools used below ground in the pits do not cause vasomotor changes or notable osteoarthritic 
lesions, because the tools used are not so heavy as those in other industries where the disease 
has been found. [No information is given about the weight of the tools or the rapidity of stroke 


E. L. Coutts [Butt 


Determination of Air-Borne Contaminants 


Errors Due to ANISOKINETIC SAMPLING OF AEROSOLS. H. H. Watson, Am. Indust. Hyg. 
A. Quart. 15:21 (March) 1954. 


The author presents data showing the effect upon sampling error of isokinetic and aniso- 
kinetic collection of two test aerosols (4 and 37 # mass median diameter). Tests showing the 
effect of probe direction vs. air stream direction are also reported. For particle diameter of 
37 » a 10% error in dust concentration may be expected for a 14% variation from isokinetic 
sampling velocity. Sampling velocities 50% lower and 100% greater than isokinetic conditions 
produce a similar error in concentration with 4 # particles. An angle of 16 degrees (37 u 
particle) and 50 degrees (4 # particle) for probe direction relative to the air stream will 
produce a negative 10% error in measured concentrations. The author suggests a minimum 
sampling orifice of 0.7 cm. diameter and recommends larger diameter probes whenever possible 


to eliminate wall thickness effects. Ricnarp Dennis, Boston. 
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Ventilating, Air Conditioning, and Engineering Control 


ENGINEERING AND MECHANICAL CONTROL oF A LEAD Hazarp: A PLant Stupy. CLARENCE 


C. Matoor, Harotp Baviey, and Georc W. Am. Indust. Hyg. A. Quart. 
15:64 (March) 1954. 


The authors describe operations involving the weighing and mixing of dry lead powder when 
through faulty handling, ventilation, and housekeeping several employees exhibited signs of 
lead intoxication, Comparative data are presented showing reduction in atmospheric and urinary 
lead concentrations over a six-month period after application of engineering control measures 


nd a personnel rotation system. 
and a personne — Ricuarp Dennis, Boston. 


ENTRAINMENT SEPARATION. CHARLES F, Montross, Chem. Engin. 60:213, 1953. 


An extensive review of the factors to be considered in the design and selection of entrain- 
ment separators for the removal of liquid droplets is presented. Specific applications include 
removal of acid mists, tar fogs, oil mist, and water spray. Operational features of gravity 
settlers, centrifugal separators, impingement separators, scrubbers, electrostatic precipitators, 
and sonic agglomerators are described. Data tables furnish performance characteristics of 
several common designs of dust and mist collection equipment but do not include collection 
efficiency. A theoretical discussion of collection mechanisms (inertial, impaction, diffusion, and 
electrostatic forces) and derivation of equations for predicting collection efficiency are also 
presented. Several common collector designs are illustrated. Bibliography contains 57 references. 


Mary Amour, Boston. 


Accidents and Their Prevention; Protective Equipment 


Dust Expositions 1n Factories: CLosep-Crrcuit Test Apparatus. K. C. Brown and 
D. W. Woopueap, Research Report 86, Factory Department, Ministry of Labour and 
National Service, and Safety in Mines Research Establishment, Ministry of Fuel and 
Power, Her Majesty's Stationery Office, 1953. 


The dispersion of industrial dust in testing for inflammability has in general been effected 
pneumatically either in a “chamber” using a sharp air blast or in a “circuit” in which the dust 
cloud is continuously impelled by a fan in a closed loop of tubing. The chamber method has 
been the more generally used, but there are among dusts such wide variations in cohesion and 
density (which, in turn, govern dispersibility) that uniformity of concentration within a chamber 
is often open to question, unless the most suitable conditions of blast have been chosen for each 
specimen. 

This report is a critical study of the circuit method which would seem to offer good dispersion 
of even the most difficult dusts. The experience of previous workers have been examined, and 
it appears that a contrarotating pair of matched impellers gives the most suitable propulsion in 
that the flow is then free from swirl, Experiments with a circuit of glass tubing show, how- 
ever, that a uniform cloud is not obtained. Furthermore, changes occur in particle-size distribu- 
tion during circulation, owing to centrifugal effects at the bends and to comminution. All these 
effects are undesirable, and it is coxcluded that the circuit method is unsuitable for an inflam- 


mability test of dusts From THE AutHors’ SUMMARY. 


HuMAN Factor in Accipents. P. V. VERGHESE, Proc. Soc. Study Indust. Med. (Jamshedpur, 
India) 5:120-127 (Sept.) 1953. 


The problem of industrial accidents is of vital importance in India, from the point of 
view both of the injured worker and of the firm which employes him, since lowered production 
may follow. 

The author of this article has made a study of the accident rate per 100 workers over a period 
of 15 years at the Svadeshi Mills, Kurla, Bombay. The figures show that from 1935 to 1950 the 
accident rate has been gradually increasing, and a similar trend is shown in an analysis of the 
accident rate for all the textile mills in Bombay State. Although more workers are now 
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employed, involving the use of more potentially dangerous machinery, with the possibility of 
mechanical defects, yet analysis of the data showed that only 15% of the total accidents were due 
to machine failure. Analysis also showed that age, skill, and maturity, though not negligible 
as factors in accident causation, were not important. 

A study of individual workers showed the important part played by personal problems, such 
as domestic worries and ill health, and che author suggests that maturity of mind is of more 
importance than physiological maturity. 

As a solution he suggests more personal contacts with individual workers, safety-first com- 
mittees adequately organized, films, and works bulletins. It is urgent that industry should 
realize the waste of human ability due to avoidable accidents, and the author regrets that India 
still lacks adequate facilities for research on a large scale. 


Radioactive Substances and X-Ray 


Rapio Cuemicat Assay or Copart-60. Rosert BALLENTINE and Dorotny D. Burrorp, 
Analyt. Chem. 26:1031 (June) 1954. 


A method of determining Co®? in biological materials has been found to be accurate within 
+ 3% in more than 1,000 determinations. The sample was wet-ashed, separated as cobaltic 
nydroxide, and electroplated as cobalt metal from a fluoborate buffer. A special methane-flow 
proportional counter of cylindrical geometry is used so that a maximum precision and sensitivity 
of detection of Co® are obtainable. Aside from the biochemical and clinical applications of this 
assay, the data on the quantitative electroplating of cobalt are applicable to its gravimetric 


determination. 
eterminatio From tHe AutHors’ SUMMARY. 


Use or CHLORPROMAZINE IN RADIATION SICKNESS AND NAUSEA FROM OTHER CAUSES. 
Joserpn H. Marks, New England J. Med. 250:999 (June 10) 1954. 


From the results in 84 cases of irradiation sickness and from those of colleagues in 23 cases 
of nausea and vomiting, it is evident that chlorpromazine can be a valuable drug. Its further 


study on an objective basis is warranted. van Avrmes’s 


EpucATION AND TRAINING OF HEALTH Puysicists. E. E. ANpERSON, Radiology 62:83-87 
(Jan.) 1954. 


The increased demand for trained health physicists, owing to the increased use of radioisotopes 
in industry and research and the new problems in civil and military defense, is discussed. The 
duties of health physicists and the educational requirements necessary to perform these duties 
are summarized. The role of the AEC program of training for fellows in radiological physics 


in supplying the need for trained health physicists is reviewed. Nuczear Sct. Asst 
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News and Comment 


ANNOUNCEMENTS 


Awards in Radiological Research of the James Picker Foundation 


On behalf of the James Picker Foundation, the National Academy of Sciences-National 
Research Council announces the continued availability of funds in support of radiological 
research. Applications are reviewed by the Committee on Radiology of the Academy-Council’s 
Division of Medical Sciences. Final determination of awards is made by the Foundation upon 
recommendation of the Committee. The Foundation has expressed particular interest in the 
support of studies oriented toward the diagnostic aspects of radiology. Awards are not restricted 
to citizens of the United States. 

Grants-in-aid are designed to encourage research offering promise of improvement in 
radiological methods of diagnosis or treatment of disease. Applications for grants-in-aid for the 
fiscal year 1955-1956 must be submitted on or before Nov. 30, 1954. 

Grants for Scholars are a transitional form of support, designed to bridge the gap between 
the completion of fellowship training and the period when the young scientist has thoroughly 
demonstrated his competence as an independent investigator. A grant of $6,000 per year will be 
made directly to the scholar’s institution as a contribution toward his support, or research, or 
both. Initial grants are limited to one year, but renewal may be recommended. Applications for 
1955-1956 should be submitted by the institution on behalf of the candidate prior to Nov. 30, 1954. 

Fellowships in Radiological Research, available under the program of the Foundation, have 
been announced separately. 


Further details and application blanks may be obtained from the Division of Medical Sciences, 
National Academy of Sciences-National Research Council, 2101 Constitution Ave., N. W., Wash- 
ington 25, D. C. 


Medical Research Fellowships 


The Division of Medical Sciences of the National Academy of Sciences-National Research 
Council is accepting applications for postdoctoral research fellowships for 1955-1956. These 
awards are designed to offer research experience for promising persons who look forward to 
investigative careers, and not to provide practical experience in the clinical field. Ordinarily 


Fellowships are not granted to persons over 35 years of age. The following programs are 
announced 


Fellowships in Cancer Research are awarded by the American Cancer Society on recom- 
mendation of the Committee on Growth of the Division of Medical Sciences. Awards are avail- 
able for study in all branches of the biological, chemical, and physical sciences and of clinical 
investigation applicable to the study of growth, typical or malignant. Citizens of the United 
States are eligible. 

British-American Exchange Fellowships in Cancer Research also are awarded by the 
American Cancer Society upon recommendation by the Committee on Growth. They are offered 
to citizens of the United States for advanced study in Great Britain in specialized fields pertain- 
ing to the problem of growth. Similar fellowships are awarded by the British Empire Cancer 
Campaign to young British scientists for research in the United States. 


Fellowships in the Medical Sciences supported by the Rockefeller Foundation and by the 
Lilly Research Laboratories are administered by the Medical Fellowship Board of the Division. 
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Fellows are expected to devote themselves to research in the basic medical sciences. The 
Fellowships administered for the Rockefeller Foundation are open to citizens of the United States 
and Canada; the Lilly Fellowships, to only citizens of the United States. 

Fellowships in Tuberculosis are also administered by the Medical Fellowship Board under 
a grant from the National Tuberculosis Association. These awards are designed to premote the 
development of investigators in fields related to tuberculosis. They are open to citizens of the 
United States who are graduates of American schools. 

Fellowships in Radiological Research are administered for the James Picker Foundation by 
the Division’s Committee on Radiology. The Foundation has expressed particular interest in the 
support of candidates who propose to carry on research oriented toward the diagnostic aspects 
of radiology. Appointments are not limited to citizens of the United States. 

Applications for 1955-1956 under any of these programs must be postmarked on or before 
Dec. 10, 1954. Fellowships are awarded in the early spring. Complete details and application 
blanks may be obtained from the Fellowship Office, National Academy of Sciences- National 
Research Council, 2101 Constitution Ave., N. W., Washington 25, D. C. 


SCIENTIFIC EXHIBITS 


The A. M. A. Arcuives or INpUSTRIAL HyGieENE AND OccuPATIONAL MEDICINE is pleased 
to introduce in this issue a new feature called “Scientific Exhibits.” 

This feature attempts to preserve in more permanent form some of the instructive Scientific 
Exhibits that are presented at the Annual Meetings of the American Medical Association. 
Although thousands of physicians attend the Annual Meetings, viewing and studying the scientific 
exhibits at first hand, other thousands are unable to attend. For the first time, the latter group is 


now given the opportunity to see the exhibits reproduced in the pages of the various A. M. A. 
Specialty Journals. 


While it is at present impossible to publish all the Scientific Exhibits presented at each 
Annual Meeting of the American Medical Association, it is feasible to select a representative 
few for the purpose of introducing the new feature to the readers of this periodical. Should 


“Scientific Exhibits” be well received, it is planned to expand the new department in future 
issues of the A. M. A. Arcuives or INDUSTRIAL HYGIENE AND OccUPATIONAL MEDICINE. 


Books 


Coronary Heart Disease in Young Adults. By M. M. Gertler, M.D., Paul White, M.D., and 
others. Price, $5.00. Pp. 218. Published for the Commonwealth Fund by the Harvard Uni- 
versity Press, 44 Francis Ave., Cambridge 38, Mass., 1954. 


This is a study in depth and breadth of 100 patients suffering from “pure” coronary heart 
disease correlated with a random control sample and a matched control group, seeking to find 
means of identifying persons who are particularly prone to coronary heart disease. The ultimate 
hope of the authors is prevention. But before preventive efforts can be considered, a means must 
be defined to preselect coronary-prone individuals from the population. Then more knowledge and 
attention must be developed to produce preventive methods that will be effective. 

This study provides certain leads which may prove helpful in the recognition of those in whom 
myocardial infarction is most likely to occur. It includes a clinical appraisal of the coronary 
group and compares the three groups as to the following: role of heredity and race; anthropo- 


metric and morphologic appraisal; athletic activity; occupations; findings on “masculinity” ; 
endocrine studies; biochemical findings, particularly serum lipids and serum uric acid; diet, and 
the oxidation reduction potential of the saliva. No one factor is identified as predictive, but certain 
interrelationships are of value. Some old notions are disproved, some are reconfirmed, and new 
findings are added. 


Here is a concise, easy-to-read book that should be of interest to all industrial physicians. It 
will offer to many their first introduction to Dr, Sheldon’s method of somatotyping, with its 
fascinating physiological and psychological implications. It is predominantly the endomorphic 
mesomorph who has the coronary. The book presents a very interesting view of a group of 
researchers groping for significant correlations that will have practical value. But most important, 
it offers some helpful leads to the identification of the coronary-prone patient. 


R. B. O’Connor, M.D. 
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in serious infections 


—Chloromycetin 


( Chloramphenicol, Parke-Davis ) 


in bacterial infections, CHLOROMYCETIN is frequently effective against strains 
of gram-positive and gram-negative organisms resistant to other antibiotic agents. 
Notable clinical results have been observed in typhoid fever, bacterial pneumonia, 
and serious bacterial disorders. 


in viral infections, marked clinical improvement, smooth convalescence, and an 
early return to normal activities may be anticipated following the administration 
of CHLOROMYCETIN. Striking clinical responses have been reported in viral pneu- 


monia, psittacosis, and certain other serious conditions caused by large viruses. 


in rickettsial infections, CHLOROMYCETIN often has a remarkable effect on 
the clinical course of the disease. Fever and toxemia associated with typhus, 


scrub typhus, and Rocky Mountain spotted fever may be dramatically con- 
trolled within 48 hours. 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood 
dyscrasias have been associated with its administration, it should not be used 
indiscriminately or for minor infections. Furthermore, as with certain other 

’ drugs, adequate blood studies should be made when the patient requires pro- 
longed or intermittent therapy. 
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MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treot- 
ment of temporarily paralyzed muscles. 


Provides Treatment: () WITHOUT LOSS OF WORK 


(0 UNDER MEDICAL SUPERVI- TIME 
WITH SIMPLICITY AND 


& me =) AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


RESULTS COUNT!...1: Superficial Fungous 
Infections especially DERMATOMYCOSIS PEDIS 


“= 


Ointment and powder of ZINCUNDECATE 
Corte Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


Of interest to you 


and your patients 


THE MENACE OF ALLERGIES 


HOUSE DUST ALLERGY 
by Karl D. Figley 
: 8 pages, 15 cents 
ASTHMA, A PROBLEM IN PREVENTION 

ta wea informative at should prove 


WHAT WE KNOW ABOUT ALLERGY 


LIGHTFOOT SCHULTZ COMPANY ' by Louis Tuft 


380 MADISON AVE. NEW YORK 17, N. Y. 12 pages, 15 cents 


Send your free Question and Answer Soap Date PROTECTING YOUR CHILD FROM ALLERGY 
by William Gayle Roberts 


AMERICAN MEDICAL ASSOCIATION 
State 


! 8 pages, 15 cents 
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535 NORTH DEARBORN * CHICAGO 10 
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New facts 


New skills 


hook reviews 


Case reports 


society transactions 


clinical notes 


( orrespondence 


news and comment 


A.M.A. 
archives of 


Otolaryngology 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


Send me A.M.A. archives of 
OTOLARYNGOLOGY for a year 


Enclosed Please bill me 


CITY er ZONE STATE 


$12.00 YEARLY $12.50 CANADIAN $1350 FOREIGN 


instant 
first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 


k 
Ve m must ‘ evented trom spreading 


* Patented 


Mi, 


Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 


() pronounced EM-ESS-CO 
® 
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Expedites Pre-Employment and On-Job 


Audiograms—Requires No Skilled Operator 


Unit measures 10% x 10'4 S'2 inches 


PORTABLE 
PURE TONE SCREENING AUDIOMETER 


Om 


Accepted by the Council on 
Physical Medicine and 
Rehabilitation 


MODEL A-S00 


Periodic in-plant audiograms become «a routine matter and require no 
highly specialized personnel with Panacoustie’s new A-500 audiometer 
which can be used with no previous training or experience. 


Only four controls are indicated to test the employee's pure tone hearing 
loss: (1) an ON-OFF power switch, ¢2) an output Tone Interruptor, 
(3) a frequency selector which gives 500, 1000, 2000, 3000, 1000 or 6000 
cycles per second, and (4) an output hearing loss dial calibrated directly 
in hearing loss with detented steps of 5 decibels per step, and a range 
of 10 to +70 decibels re average normal threshold. 


Completely portable, the unit weighs only 18 and one quarter pounds in 
Weighs only 1814 pounds, including its carrying case, occupies little desk space when unpacked. Its front 
carrying case loading pilot light is mnrounted on the control panel and operates from 

115 volts to 60 e.p.s. house current. Comes complete with earphone, 
Panacoustic is a product of the U. S. dummy receiver, and a pad of blank audiogram charts. 


Recording Company, Washington, D. C., 
manufacturers of electronics equipment $149.50 DELIVERED 
for radio and television broadcasting 


companies, the U. S. Government, and 
other users of highest quality precision 


instruments. U.S. RECORDING COMPANY 
1121 Vermont Avenue, Northwest 
Washington 5, D. C. 


For further information write: 
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